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Voluno 8 prosenta an aooount of K-25 reeearoh and development ac¬ 
tivities, excluding work oonneotod with the apeolal chemicals develop* 
sent program, which la covered In Book Til* The purpose* adminis¬ 
tration, oontraotual arrangements* and general theory are dleouasod* 
and an aooount la presented of the development of diffusion barrier* 
apeolal pumps* and apeolal instruments* This is followed by a de¬ 
scription of pilot plant work* oheniool and physical studios* safety 
and eeourity aspects* ocets* organisation* and personnel* Other phases 
of the K-26 Projeot are dealt with in separate volumes of Book ZI as 
followsi 

Volume 1 * General Feat u res 
Volinas 5 - Design 
Volume 4 • Construction 
Vo lane 6 * Operation 

Activities described extend from the earliest OSRD contrasts* 
negotiated in July 1941* for the study of the diffusion process* to 
81 December 1946* by whioh time the basic K-26 research program had 
been completed* and administrative responsibility passed from the 
Manhattan District to the United States Atotalo Energy Commission, 

A number of appendloes are attached to illustrate the text by swans 
of tabulations* charts* photographs* file references, doousentary ex¬ 
hibits, and a glossary* References indicated by parentheses* as (App* 
Bl), (App* C12)* cto,* refer to Iton 1 of Appendix B* Item 12 of 
Appendix C* etc. Asterisks refer to the Glossary* Appendix F* 

The Summary oontains an abstract of every m^or subject treated 


In Volume 2 , Paragraph nurbers In the Sunmary oorroapond to aootlon 
nutsbero In the aaln text* 


4 April 1947 
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SUMMARY 


1. Introduction. - Research and development activities directed 
toward the solution of problems encountered in the oonoeotration of 
Uranium-235 by the method of gaseous diffusion, comprised primarily/ 
the ohoioe of a suitable feed material, the development of diffusion 
barriers, process pumps, seals, and oontrol instruments, and the adap¬ 
tion of this equipment to use in the presence of process gas. Research 
programs were oentered in a number of university and industrial labora¬ 
tories under oontraots administered principally by the Columbia Area 
Engineer. „ 

2. Contractual Arrangements. - The diffusion method was first 
seriously considered at Columbia University in 1940. Columbia was 
subsequently awarded eontract OEllsr-106 fay the Office of Scientific 
Research and Dsvelopment, covering the period of 1 July 1941 to 30 Juno 
1942, the work to be directed by Dr. J. R. Dunning. Contract QFMar-412 
authorised an expanded program under the direction of Dr. K. C. Urey 
from 1 December 1941 to 30 April 1943* Effective 1 llsy 1943* the 
Columbia diffusion studies were placed under Manhattan District contract 
W-7405-eng-50, and the laboratories came to bo known by the code name 
of N SAU Laboratories." These oontraots called for research and develop¬ 
ment work looking toward the design, construction, and operation of a 
production plant, and evaluation of the diffusion method in comparison 
with alternate isotope eeparation methods. In fulfillment of their 
major commitments, it was necessary for The M. W. Kellogg Company and 
the Kellex Corporation also to engage in conoid erable research and 


SI 
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development work on suoh subjects os bsrrlor manufacture and properties, 
oorrosion, speolsl chemicals, pumpe, valves, and control instruments* 

In discharging its responsibility as operating contractor for the £-25 
plant, the Carbide and Carbon Chemicals Corporation sponsored a number 
of research activities at the linde Air Products Company, fiakelite Corp¬ 
oration, Union Carbide and Carbon Corporation, Metals Disintegrating 
Company, and the Sharpies Corporation* Effective 1 February 1945, the 
basic diffusion process research program mas transferred from Columbia 
University to Carbide under contract W-7405-eng-26* Other principal 
prime contractors include the Bell Telephone Laboratories, Princeton 
University, Ohio State University, California Institute of Technology, 
and the Interoheoical Corporation* 

3* General Theory of the Osseous Diffusion Process. - Mhen the 

* 

fissionable properties of the 0-235 isotope were discovered in 1940, 

the importance of separating it from the non-fissionable Uranium-236 

t 

bsoame apparent* A group of investigators at Columbia University attacked 
the problem by the method of gaseous diffusion* The basic working 
principle of gaseous diffusion was discovered by T* Graham in 1629* but 
the £-25 plant represents its firet commercial application* The funda¬ 
mental theory for a practical diffusion separation plant was worked out 
by £arl Cohan at Columbia* If a mixture of two gases is placed in a 
container whose walls contain a large number of small perforations, and 
the vessel is surrounded by an evacuated space, the respective rates of 
escape of the two components will be in proportion to the respective 
concentrations, and inversely in proportion to the square roots of the 
respective molecular weights* Thus, the diffueate will be richer in 

.H 

lighter component than the original gas* In order to prevent the building 



f 



up of a book pressure In the outer space, end the continuoue decrease 
of light component concentration end total pressure within the container, 
a steady slate may be Maintained by continuously withdrawing enriched 
diffueate from the outer space,and partially depleted residue frost the 
container, and continuously supplying the container with fresh feed* 

The K-25 cascade is a repeating series of equipment duplicating this 
procedure continuously, 24 hours a day* The "outer spaoe" is enclosed 
by a diffuser, or "converter." The perforated wall is referred to as 
"barrier." A control valve and two gas punpe are provided to regulate 


gas flew and pressure, and a cooler removes the heat of pushing. These 
are the elestents of a practical "stagej". The K-25 cascade contains 
2892 such stages) the K-27 easoade contains an additional 540. In order 
to prevent ordinary, non-soperative aasa flow of gas, the else of the 


barrier apertures should preferably be below the mean free path of the 


process gas nolecules, or on the order of 0.00 00004 inch. 

DELETED ^/factors tending to 

reduce the efficiency of separation arei back diffusion of diffusats. 



"jostling" (intra-aperture collisions in which light, faat-moving Mole¬ 


cules ere retarded by striking heavy nolecules), non-soperativs viscous 
flow, surface fi^n flow, nixing inefficiency (fornation of depleted 

r 

regions immediately adjacent to the up-etrean barrier face), pinholes 


end leaks, and variations in barrier p am sa h illty. The gaseous diffus¬ 
ion researoh program was expanded in December 1942, st which tine the 

kanhattan District requested the U. W. Kellogg Company (which was work- 

» 

ing under OSED contract OEUsr-406) to continue its research work end 


undertake the immediate design of a 1 kilogram per day 90 per cent U-235 



gaseous diffusion plant. The Kellex Corporation subsidiary was created 
to prosecute this work. Fundamental research was to be done at Columbia 
under Dr. H. C. Urey, with special studies carried on at the £ell Tele¬ 
phone Laboratories, Princeton University, and the Jersey City Laborator¬ 
ies of the Kellogg Company. In early 1942 discussions were held with a 
group of British investigators regarding fundamental alternative plant 
designs. 

4. Development of Diffusion Barriers. - In the latter part of 
1941 the search was begun for a barrier material of the required porous 
structure, and with suitable resistance to corrosion by UF$. The first 
crude samples were tested with UF$ in 1942, and a method of routine 
barrier testing was then developed baaed on the use of mixtures of 
helium and carbon dioxide ae a working substance. The separation factor 
la defined as the ratio of relative concentration of desired component 
after processing, to its relative concentration before processing. 
Relative concentration is the molecular ratio of U^^F^ to present 

in the process material. From Graham's law, the ideal single stage sep¬ 
aration factor is V352/349 « 1.0043* The actual separation factor is an 
increasing function of fineness and porosity of barrier apertures. The 
porosity of barriers is rated by defining a “permeability" concept as the 
ratio of actual flow through the barrier, under specified test conditions, 
to the flow which would occur by Molecular effusion if the barrier were 
not present. Permeability is dependent upon operating pressures, in¬ 
creasing as the difference between fore pressure and back pressure is 
increased. It is also an increasing function of the number and size 
of barrier apertures per unit area. Important chemical properties of 


barrier include ite plugging characteristics (tendency of perme¬ 
ability to decrease with use as a result of UF$ corrosion products 
lodging in the apertures) and its con sumption rate (tendency to 
react with and consume the valuable but corrosive process fluid.) 



of e<juipment sises. 

DELETED 


mmt „ | , - n— --ii n.., , ,,, -■ ■ 

Prior to 1943 many preliminary types of barrier were tested 
at Colusfeia* TTheh the university was awarded contract lif-7A05-en£-50, 
a division of the SAM Laboratories was established for the specific 
purpose of studying new barriers. 
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These barriers were brittle. 




The product, however, showed an unsatisfactory separation 


factor* / 
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Samples examined by Kell ex showed good process properties and fair 




mechanical strength* 
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/Kellex cooperated, and under tood. a survey 


^oe 


of Industry to find a com an r to handle ultimate manufacture* 


- i>(*) 
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A number of other contracts were awarded to outside agencies for special 


. bty 


development of critical items* 
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[ J In January 1943# a continuous pro¬ 

duction pilot plant was designed at the Columbia Schemerhorn Labora¬ 
tory. During the remainder of that year, a steady ieproraaant in the 

J 

properties of A barrier was effected, but in January 194L, at a Meting 
of Manhattan District officials with Houdaille-Hershay, Kellsx, Carbide, 
and SAM representatiTes, plane were aado for the in—diets conversion 
of the Houlaille-Herahey plant fron A barrier production to K-l (later 
known as DA) barrier manufacture• The A barrier was abandoned because 
of unsatisfactory mechanical properties, and difficult manufacturing 


problems* At this tins responsibility for coordination of all future 


barrier research was assigned to Carbide* 

--^ __ *** 1 ''" 
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J' The method produced samples which showed 


good diffusion process properties* 
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The DA barrier was studied by £• 0* Norris and V* F. Libby 
at Columbia during the period when emphasis was being placed on A barrier 




material shows excellent corrosion resistance after fluorlnation and 
exposure to UF£, superior sejfarating efficiency, and good mechanical 
stability. Moreover, the manufacturing prooeao is comparatively simple* 


WB barrier exhibits a greater plugging tendency than DA* but is oapable 
of vary satisfactory reconditioning • Production was carried out by the 
Linde Air Products Company from January 1945 until March 1946* 

deleted j 
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J The majority of the stages of the K-25 oasoade are fitted 

with DA barrier; KB has been used in about 50 stages. 
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Strenuous efforts were 


made to utilise domestic powdwrs, and two acceptable varieties were 

eventually developed, one manufactured by International Nickel at 

» 

Huntington, West Virginia, end by the MetalsDisintegrating Company at 


1 i ♦' * ’ ? r 
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Elisabeth, New Jersey, and the other at the Elisabeth plant using 
nickel oxide obtained from the Linde Air Product* Company at Vonawanda, 
Mew York* A third type was subsequently developed and produced by Linde, 
using an improved prooess which greatly increased the rate of production. 
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It was manufactured by 

Linde for several months, and will be tested by installation in several 
stages of the K-27 cascade. 


5* Development of “ It was realised in the early 

stages of the process pump development program that a satisfactory 
stage pump would have to have absolutely no loss of process gas, very 
little inleakage of inert gases, no inleakage of oil or condensable 
vapor /minimum holdup volume, high resistance to corrosion, a wide 
range of capacity and compression ratio, ability to handle very dense 
gas, and high efficiency of operation, these requirements could beet 
be met by development of e centrifugal type pump. Ultimate choice was 
made of a single ytage arrangement with overhung abaft, a single triplex 
seal, and a compression ratio of about 3<I* As produced by the Allis- 
Chalmers Manufacturing Company, the impeller is built up by welding 

from plates, rings, and blades of sheet monel, and consiats of 20 equally 

» 

spaced blades which are curved with a backward sweep. The front and 




back plat*a ara cold foraed in ajl hydraulio press. Tha aoroll and 
diffuaer ara aade of Interna 11/ nickel*elad steel, and all eating 
Joints ara valdad. 

Sari/ punp aaal atudiaa at Coluabia University vara oentered 
around throe sain types, using, respectively, inert gas, apaoial lubri- 
ytating oils, and positive eontaot fluorocarbon pol/aer sealing ringa. 
The gaaaoua aaal ahooad graataat proaiee, and waa ultimately aalactad. 

t' 

An inleaking arrangaaant waa ehosan, rather than an outlsaldng, Tor 
raaaona of relative slaplioit/ of construction, avoidanoo of rejection 
or recovery proeeeeee for out,leaking prooaaa gaa t and avoidanoa of tha 
inherent ineffleienoy of nixing outlaaking prooaaa gaa atreaaa of 


different oonoentrationa • 
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/Various aeohanieal arrangaaant a ware studied at tha 
laboratoriea of tha Ingersoll-Rand Coopany, Kellex, SAM, and Carbide._ 
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y later tasting and developnent 


carried out at tha SAM laboratoriea. 
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Simultaneous!/ with the development of open-motor centrifugal 
pumps, various diaphragm tjpes wars Investigatod in order to provide a 
J seal-less design in the event of unsatisfaotor/ performanoe of the 
nitrogen-sealed machines* A diaphragm pump was also considered as 
special]y suited for use in the contemplated upper sections of the 
plant* Oas bearing blower development was prosecuted by Weetinghouee 
and by General Electric in close association with K el lax and SAM* 
Various designs were studied involving a thin metallic diaphragm in 
the air gap of the motor* Bearings were ldbrioated by means of 
process gas, the motor ran in normal atmosphere, and no seal was 
necessary* A totally enclosed type was also studied, in which neither 
a seal nor a diaphragm was required] all parts ran in process gas* 

This type required special inert lubricating oil and motor insulation* 
The density of the gas handled in the purge cascade varies 
markedly from point to point* Decreasing the density of gas handled 
by centrifugal pumps decreases their capacity* Positive displacement 
pumps, however,£%an handle gasee of different densities without this 
disadvantage* Shaker, peddle, rotary, and magnetic designs were 
studied, but s reciprocating type was ultimately selected for purge 
cascade service* A bellows seal was designed with a tt» inch stroke 
distributed among six bellows,units, each independently supported end 
constrained by e "Lasy Jack, ” which was lubricated with floorinated oil* 
The piston is lubricated by the process gas, and pump valves consist- of 




light sheet Betel springe. The purge pumps were aannfactured by the 
Telle/ Iron Works. 

Materials of construction suitable for process pumps were 
used for the conditioning pumps, but the lightness of the conditioning 
gas required e my high peripheral speed* Special aotors were devel¬ 
oped by Meetinghouse for 14,400 RPU service. The pomps were provided 
with two-stage impellers and a disc seal* 

For service with process coolant, a vertical pump was devel¬ 
oped, to be Mounted at the botton of a surge dram. Punp bearings are 
lubricated by the coolant. The pump shaft passes up through a tube 
running to the top of the tank, where a seal permits out leakage of 
nitrogen oonflned as a blanket gas under slight pressure above the 
liquid surface inside the tank. 

Early la 1944, Kellex and the Beach-Rues Company started 
development of a special rotary, oil-sealed mechanical vacuum pump for 
process gas, of welded construction and with s special seal so as to 
provide a very low leakage rate. A magnetio oil level indicator was 
developed, and, for easy access to the Interior, welded vacuum joints 
wars designed so that they eould be machined or rewelded with relative 
simplicity. A. quadruple shaft seal was provided, and fluorin&ted seal 
oil used. A boating aystsa waa incorporated for control of oil vie- 
cosity, and a oooling system for use at steady operating speeds. 

Work was undertaken early In 1944 by the F. J. Stokes 
Machine Company to develop a special, rotary, oil-sealed, mechanical 
vacuum pomp suitable for fluorine service, end meeting requirements 
similar to those for the process gas vacuum pumps. Some difficulty 


was experienced with the units developed in that the seal oil reacted 
with highly- concentrated fluorine. On the basis of a series of Kell ex 
tests, an operating procedure was worked out in suoh a way as to obviate 
this disadvantage. 

The K-25 high vaouua pumps aut west requirements for high 
speed, high capacity, and extremely high vacuum. The system finally 
developed calls for connecting equipment to be evacuated to a primary 
pump which discharges to a booster puiqp, both of which are of oil dif¬ 
fusion design. The gas then flows into a rotary piston, single-stage, 
high vacuum, oil-sealed fore pump. A refrigerated vapor trap is in¬ 
stalled ahead of the primary pomp* Development work was carried on 
at the national Research Corporation, Vestinghouse, Distillation 
Products, Inc*, and Kellex laboratories. 

6. Development of Special Instruments. - The K-25 instrument 
program was complicated by such special conditions as the necessity 
for determining process purity at hundreds of points, the sub-atmos¬ 
pheric nature of operations, the oorrosivsness of UFg, the need for 
isotopic assay work, and the ultra-sensitivity of the diffusion process 
to steady state disturbances. The mass spectrometer principle forms 
the basis of a number of the mors important instruments in use at K-25 • 
It is, itself, based on the concept of ionisation of gases by eleotron 
bombardment, formation of accelerated ion rays by electrical fields, 
deflection of these rays by a perpendicular magnetic field, and differ¬ 
ential banding of the paths of ions of differing masses. The line re- 
oorder, working on the mass spectrometer principle, records the concen¬ 
tration of nitrogen, oxygen, hydrogen. fluoride, perfluorodimethylcyclo- 
hexane, and COg-KgO. Numerous accessories include a Elrani gage for 




Maple flow measurement, an "adjustable leak" for extremely email flow 
control, a chemical trap for UF£ removal, a glass trap for removal of 
mercury carried from the diffusion vacuum pump, and an Ionisation gage 
for pressure measurement* Used in routine testing of all process 
equipment prior to placing on stream, the leak detector provides a 
means for rapidly locating any and all very email vacuum leaks* The 
method involves playing a Jet of helium probe gas over a suspeoted 
surface while the equipment is under high vacuum, and detecting the 
presence of the probe gas in a mass spectrometer type indicator* The 
assay machine is a modified mass spectrometer used for determining 
isotopic concentration of process material sasples* 

The fission counter weeks by Inducing fission in a sample 
of prooess material by means of neutron bombardment from a radium- 
beryllium source* The resultant spurts of positive ions are detected 
by collection at a grounded electrode, and are proportional, in number, 
to the U—235 concentration of the sample. Designed for analysis of 
process gas containing relatively high proportions of impuritiss (as In 
ths purge eaeeade), the spaoe recorder effects measurement of total 
alpha e&ieslon, by eleotrloal collection of resultant gaseous Ions* 
Caobining this information with the known isotopic composition of the 
uranium present, the total QF6 concentration In a mixture of uranium 
hexafluoride and light diluents can be oomputed* The thermal conduct¬ 
ance cell provides another method for determining the amount of light 
diluents in mixtures of UFg, nitrogen, and oxygen. It is baaed on the 
princi p le that an electric current passing through a wire increases 
its temperature, end that the difference in temperature between the 
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wire and the gas surrounding it reaches an equilibrium value, which ie 
dependent on the percentage composition of the gas. Since electrical 
resistance of the wire is a function of its temperature, measurement 
of this resistance indioates its temperature, and thereby, the gas con¬ 
centration* 

Used in the purge cascade, the acoustic analyser determines, 
indicates, and records the volumetric concentration of light diluents in 

v 

the prooess stream, and actuates a control mechanism so as to prevent 
overloading of the purge cells because of increased UF^ concentration 
in the prooess stream being fed to a purge building* The primary ele¬ 
ment consists of a resonance tube containing a diaphragm at each end* 

One diaphragm ie excited by an electromagnetic coil, and aenda sound 
waves through the gas chamber which excite the second diaphragm and 
cause it to induce a voltage in a second ooil* The sound intensity, 
and, hence, the voltage induced is greatest at the natural frequency 
of resonance of the chamber, which in turn ie a Amotion of the compo¬ 
sition of the prooess sample gas within the chamber* The HF analyser 
utilises a viscosity bridge which is analogous to an electrical Wheat¬ 
stone bridge* Long metal capillaries are used as the four resistances, 
prooess gas passing through two parallel pairs of "resistors." A 
differential pressure transmitter and recorder is connected between 
midpoints of the bridge arms to indicate unbalance. A sodium fluoride 
trap, which removes HF, ie inserted between the two oapillariee of one 
branch* This results in a diminished flow through the second leg of 
that branch, and unbalancing of the bridge* The degree of unbalance 
affords an indication of the HF concentration of the sample gas* 






Capable of detecting extremely low UF$ ocnc eat rations , 
trace indicators were developed to provide a mesne for monitoring 
OF 5 concentrations in the atmosphere, vent gases; seal exhaust lines, 
and purged oells. Trace indicatore work bjr exposing certain chemical 
reagents to suspected gaies t the presence of UF 6 being Indicated by a 
characteristic coloration. The sensitive element any oonaist of sali¬ 
cylic acid crystals, or absorbent filter paper. The latter type is 
periodically cheeked by ohemieal treatment with potassium fsrrocyanide. 
It may be arranged to provide continuous and automatic trace indication 

e 

by netting up a sieving tape impregnated with potassium ferrocyanide, 
and allowing a beam of light to pace through the tape end then actuate 
a photocell oonhected to a mleroaametcr which measures intensity of 
light transmission. The infra-red absorption sister is s portable leak 
detector of special design used for checking coolant lines, coolant 
tanks, end process ooolere. Air samples from the vicinity of suspected 
coolant leaks are pumped through a test chamber, through which two infra¬ 
red beams are passed. One of these beams is also passed through a 

e 

lithium fluoride filter which absorbs all infra-red radiation. The 
intensity of this beam will therefore be independent of the coolant 
concentration in the ohamberi that of the other will vary with this 
concentration. The two beams are fooused, respectively, on each of a 
pair of resistance thermometers connected into a iftieatstone bridge cir¬ 
cuit. A difference in temperature between the two thermometers results 
from the difference in intensity of impingant radiation, and causes a 
measurable difference in electrical resistance. The dew point recorder 
was designed to monitor the plant supplies of dry air and nitrogen, and 
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to warn of excessive amounts of water vapor in the gas* Intensity of a 
reflected beam of light from a cold mirror ie dimmed by condensation of 
moisture on the surface. Measurement of the mirror temperature required 
to prevent dimming of the reflected ray provides indication of the dew 
point of the sample gas. The differential pressure indicator was 
specially developed to measure the extremely small flow of sealant nitro¬ 
gen gas to the process ptunp seals* It determines the gas flow by elec¬ 
trically measuring the differential gae pressure across an orifice of 
known dimensions. Variation of the differential pressures is oooverted, 
by means of s bellows arrsngement>to a movement of the iron core of an 
electromagnet, thereby inducing voltage changes which are a function of 
the differential pressure, end thus of the gas flow, to be determined. 

7. Pilot Plant Development. - 
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A number of pilot plants wars sub- 


fiquently constructed at Columbia University for fbrther study of the 
process. Pilot Plant No. 1, initially operated in October 1942, was 
arranged as a twelve-stags total refine cascade. It was ran for over 
3200 hows, yielded data pertaining to ossesds behavior with A, PA, and 
WB barriers, and provided operating experience with various types of 
process equipment and instruments. 

On 10 1944, Pilot Plant No. 2 was placed in operation, 

consisting of a six-stage total reflux cascade using reciprocating pumps. 
It afforded the first opportunity to study the behavior of oontrol in¬ 
struments and tubular and flat plate designs of A, DA, and TUB barriers 


S18 


under conditions appro Aching theec anticipated In a full aoalc production 


plant< 


Pilot Plant No* 3 waa erected and operated bj SAN personnel) 


Kell ex furnished design, procurement, and supervisor/ services* An eight- 


stage cascade was set up, using Meetinghouse gas bearing blowers and dumq/ 


diffusers. Operation on was begun on 15 June 1944* The installation 

was found to be h/drod/nanicall/ stable and subject to satisfactor/ process 


control, and vacuum-testing and welding techniques were developed* Studies 


of process gas consumption and blower perfomance were then nade, using 


fixtures of nitrogen and UF^* 
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In order to obtain performance data for single-stage blower 


operation, a Meetinghouse gas bearing blower was used at the SAM Labora¬ 


tories in the summer of 1944 to circulate process gat through a act of 


45 tubular diffusers. Tbs experiments provided significant data pertain¬ 


ing to blower behavior, corrosion, end barrier plugging* 




- From 1940 to 


1942 extensive efforts ware put forth at Iowa Stata Collage, the Univers¬ 
ity of Chicago, jfed the laboratories of the Xth/1 Corporation, to prepare 


an organic uranium compound suitable for use as a gaseous diffusion 


working substanoe^. but no satis factory substitute for the corrosive 


uranium hexafluoride was found* The corrosion and other chemical 


problems anticipated with the pse of UF^ led to the establishment of a 
chemical section at the SAM Laboratories* Stud/ of the physico-chemical 

t 

properties of UF^ was began in 1940, Involving methods of handling the 




gas, and new ways of preparing it for chemical analysis. Other chemi¬ 


cals studied included nickel and nickel carbonate, barrier materials, 
and uranium compounds other than UF$. 

The mechanical properties of barriers have been studied by 
means of bending, tensile strength, rolling, fatigum, and flutter teets 
^ involving thousands of routine examinations which were necessary In the 
eouree of the barrier development p r og r a m. The bairler chemistry re¬ 
search program inoluded the development of fluorlnatiag, or conditioning, 

.tudjr of -thod. of ainiuliiiDg pro=.« .on^ptioo ^ 

end barrier plugging., \H*) 
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j The techniques were extended to include 
measurements of barrier porosity, and were also modified to apply to 


tubular samples. 

9. goffer Sf.garltai. - Features of the Columbia Area safety 
program included a safety department and a medical division set up by 
the SAM Laboratories, and a Safety Advisory Committee with responsi¬ 
bility for anticipating and coping with special safety problems arising. 
The Columbia Area Engineer supervised contractor safety programs, and 
maintained liaisqp with the Distriet Medical and Safety Sections. A 
Columbia Area Security program was also instituted in aceordanoe with 


standard Manhattan Dietriot policies. 

10. Costs, - The total cost of the K-25 research program was 
$14,073,004 as of the end ol’ the fiscal year 1946, at which time the 
estimated total for completion of contracts was $15,611,663. 
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11. 


In anticipation of the awarding 


of contract W-7405-sng-50 to Columbia University, Major B. K. Rough, Jr. 
was designated Columbia Area Engineer in the spring of 1943. He was 
succeeded in January 1944 by Captain L. L. Qrotjan. The war research 
activities in nuclear physios at Columbia University were organised under 
the name of SAM Laboratories. By February 1945, the work and equipment 
had been transferred to the Kellax Mash laboratories. On that date re¬ 
sponsibility was aasuated by the Carbide and Carbon Cheoioals Corporation* 
SAM activities were directed initially by Dr. H. C. Urey, and, after 
February 1945, by Dr. K. U. Crist. Dr. Urey was aided by Associate 
Directors, Dr. L. M. Currie, and Dr. B. 3. Taylor. Dr. J. R. Dunning 
direoted research and dsvelopnsnt in mehanlcal engineering problems, 
pilot plsnte, procsss operations, and isotopic ssssy Methods. J. K. 
Arnold directed Kellex research end development, end Dr. Meneon Benedict 
had charge of process design, and planned expo risen t&l corrosion studies 
and studies of barriers, cold traps, and other equipment. Other key re¬ 
sear oh personnel include Dr. R. M. Burns (Bell Telephone Laboratories,) 
Drs. H. S. Taylor end 0. 0. Joris (Princeton University), Drs. A. £• 
Qesslsr end D» M. Cans (Interohusdosl Corporation), Dr. R. M. Badger 
(California Institute of Technology), and Dr. A. L. Henna (Ohio State 
University)* 
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BOOK II - G\sr.0D3 DIFFUSION (K-25) PROJECT 
vomir 2 - nnsFijicn 
SECTION 1 - irTTRODUCTIOII 


1-1* Purpose* - K-25 research and development activities trero 
direoted tonord Hie solution of problems encountered In tho separation 
of UraniuD-238 from natural uraaitcr. by tho method of gaseous diffusion* 
1-2* Soopo* -> This voluae treats of fundamental or pure rooearah 
and associated laboratory development of materials* equipment* and 
processes utilised by other branches of the JC-26 Pro^oot in the desist* 
oonstruetlon* and operation of tho diffusion plant* Kesoaroh inci¬ 
dental to the porfarmanoe of these other functions* as differentiated 
from baslo research* la dlsousoed in Volvne 8* The fundamental researoh 
activities comprised the eholoo of a suitable feed satsrial* tho 
developrent of diffusion barriers and auxiliary equipment auoh as 
pumps* seals and control instruments* end the adaptation of tills equip¬ 
ment to use in tho presence of the process gas* It was neoessary to 
solve very serious corrosion problems , and to develop a author of 
s poo la 1 ohendoalfi* The ha sard of corrosion lay not only In tho obvious 
possibility of equipment do tori oration* but in tho touch nore detrimental 
effect of product oonstc^tion* whloh occurs In evon nild forms of 
c o rrosion that do not reaoh destructive intensity* Die rooeeroh and 
development program for speeial ehenlcals required by the K-25 Projoct 
is dooeribed in Book VII* 

1-S» Aut) orltntlon* - Authorisation of research wc land led 


ainilorly to other phases of the K-25 Project as mentioned In Voluno 
1 of tills book* and described nore fully In Voluno 1 of Book X s 

1*4* Adolnlstratlcn* • Reoeoroh program were oentered In a 
niter of university^ and industrial laboratories, under oontraot to 
the Gosoranont* In aooordAnoo with established Manhattan District 
practice, oontrooto (App, D91) sere sdiainlsterod fay specified Areas 
of the District* Administration of the mjorlty of the co ntrac t s 
dealing with fundaaeat&l K-25 research and derslopnsnt (oxolu&tag 
work on special ohemioals) sas tho responsibility of the Colwfala 
Area Engineer, with the reminder under the jurisdiction of the Hew 
York Area Engineer (App, Bl)» A resume of reaearoh and desolopnent 
oontmote la presented in Appendix A* 



ST'CTIO!! 2 - CORfR&CTnfcL ARBAKff-BnTO* 

2-1# Columbia University'# 

■MMMfeHIWMMMAWHMNMMMMHM-* 

a# Selection and history of negotiations# - The dif- 
fusion method me s or lonely considered first by E# T» Booths A* Von 
Ciosao, and J# K# Durmln;' of Columbia University in 1940# Sinco thin 
‘rou? already me directly concerned «lth the diffusion process, it 
wuo doeidod to expand its •pro^rtm under a scries of C o v or maent contracts# 
OJ'kD Contract OEhsr-lOG ms negotiated with the Trustoos of the Uni¬ 
versity to cover the period 1 July 1941 to 20 Juno 1042, the work to 
be done under the direction of Dr# J« n« Dunning# Contract orutsr-412 
permitted an expanded program under the direction of Dr# H# C# ’Jroy to 
be carried on at the University fron 1 Doc«mbor 1041 to SO April 1043# 
Effective 1 ?ty 1945, the diffusion studies at this institution wore 
ecbodied In limhattan District Contract TW7405-©np-50, the work to be 
directed by Dr# Urey# The laboratories at Columbia oomc to be known 
as the "SAE Laboratories" • This was a code none meaning "special 
Alloyed Iberia Is"# 

b# r>oopo of Contracts# - Tho above contracts provided 
that Coluchla University furnish tho roe oar a!, and development work 
necessary for the deslrpi, construction, end operation of the diffusion 
(K-25) olant, and continue exporlr.entc.tioi'; to a point where certain 
alternate lsotopo Senaration methods could be evaluated# Tho Uni¬ 
versity me further required to develop specie! processes, ir.e truer its, 
and tutorials# Tho Dictrict ’^nelnocr alec acci-ncd tc this contract 
a number of miscellaneous special studies for which the tuiv&roiiy 




poaaataad trained aolantlfic paraonnel and equipment* 
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j Effective 

1 Februuy 1946| the buto diffusion prooess imm h progru mi trui* 
fimd from the Colunbla ttalmsrelty ooatmot 1 WM N b | « 60 to the Carbide 

i 

end Carbon Cheaioale Corporation oontraet w»7406«eng»S6 aider StppXeaeat 
Ho* 4* the ms* "SAM laboratories" see retained by this organisation* 
ehioh oontinued its work program until 15 ifcreh 1M6, at uhioh tins its 
feel 11 ties| and its re-Inin^ eerie groups enpipd in problsne of a ooa* 
tlnulng nature* mere nomad to the K»£S plant at Oak Bldgs* Tennessee* 

X4* Bell telephone laboratories (Wester n Eleotrio Ccnpany)* 
a* Seleotion and History of Msgotiations* • Contraet 
fb»7405«eng«142 uaa negotiated in August IMS to ooneolidate and extend* 
aider the Ifcnhattan District* inmsstl^itions on perfOrnanoe testing* heat 
treating* and rolling of barrier uhioh mere being oonduoted under OSHD* 

b* iSSSS^m&mSSmmiiL " 
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2-6* Prlnoeton Tblvoralty* 


a* belection 


i* - Tills ooatrao- 


tor wa* soleotud because of tho oxnerionoe of Dr* n* 3* Tbylor* who 
directed the project work* and because of the okIs tones of certain fa¬ 
cilities not available at Colunbla University at the tine of the nepo- 
tSatlons* Technical aapeote of the proposed o on tract were dlsouaaed by 
Dr* Thylor and Dr* ’l* C. Urey or ZB May 1943* and the oontroet (R-7406- 
enr-08) was negotiated on 3 Jooo 1943* 

b* Scope of llbrite* * The Princeton eontmot required that 
asthoda of p r o tre a ting niokel barriers* to induce corrosion rests tanoe 

e 

to process gas, bo investigated* because* at the tine Princeton be ran 
Its work* available inform tian recording pre-hydro none tion and pre- 
fluorination was decidedly Inadequate* < 
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2-6* Other Research Contracts* 


- Under oontraot TS-7407- 


enp-25* the Interobeoaiaal Corporation was enraged to develop nathods for 

4? 

the production of nickel powders suitable for use in the ?!ix tjne pow¬ 
dered nio’-rol barrier* A pilot plant ms constructed t roduoo pov erc 
in toonty-flvo poind be. to he o for testin. and research purposes* The 
ultimate objootive was to adapt and operate an existing Interohecdoal 
pifiaecit plant to produce tJZive »tou3 of niokol powder per nontli* 
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b. Ohio State University, - The thraa principal problem* 
assigned to Ohio State University under the Uanhattan Dietriot contract 
(W-7495-*ng-95) wore: (1) Purification of n-perfluorohoptane (?ol. 3), 
to be used as a standard in establishing specifications for inertness of 

A 

fluorocarbons to process gas; (2) Preparation of fluoroohloro compounds 
to serve as a starting notarial for the preparation of poijmerlc 
materials inert to prooess gas; and (3) Investigation of possible 
preparation of organic liquids which would dissolve process gas and 
could be cooled to form glasses, these glasses in turn to be used for 
obtaining the absorption speotnan of process goo* 

o. California Institute of Technology. - 
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5*1» Illatoxy of Diffusion Theory* 

a, Imortancc of TV235, • TspadlRtely of tor the discovery 
of nuclear fission* in umnlucs by the '’enam investigators, 0# Kahn, and 
F, Stmssmnn (App* Dl) in Decenber 1530, the effect ee.s confirmed by 
other ccientista wrldn^ In various laboratories. Acme those to do 
■o wore J« R, Donning and his collaborators (App, D2) in January 1939, 

at Columbia University* Bsteosn this tias and !Jareh 1940, thqpeoix>leted 

/ 

several roe ear oh studies uhleh contributed to an understanding of the'" 
ooqplex pheno m ena involved in nuclear fission# On the latter date, 
they ’Jroeentod expcrixxmtal evidence (App, D3) establishing a foot 
already predloted (App, D4) an theoretical grounds, namely, that nuclear 
fission arises from the presence of the uraniun isoto e having an atorio 
vel.-ht of 235 and cosianly oalled*n-235*, In tSieir experiments, per* 
formed vith tlxo aid of A, 0, h'ior at the University of Minnesota, they 
had sueoeedod in separating rdrrate amounts of U-23E f r on t naturally 
occurring uronlua, Since this isotope is present only to the extent of 
0*71 per eent in natural uraniun and its ooxepounde, they concluded that 
it sue important to offect uraniun isotone a one ration an a larger soale 
for the investigation of ohain reaction* possibilities in uranism# 

Further confirmation of their results was shortly obtained fron expert* 
cento porforood at V.ib university of Llmcoota* Coltsabia University 
(App, D3), and the General Electric Company at Seheneotady (App, D6), 

b. Isotope SfruagblCB by Diffusion, • The invostlpa terra at 
Columbia proceeded to consider eayc of separating the uranium iootoneo 
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In order to obtain -225, and from the sizeable ruche r of methods 
previously kno\?n or propoocd, they select'd tho ( aneous diffusion method* 
Jtlfhourh thie principle was discovered by f# ~rahan in 1020, tho K-25 
plant is its first oonoeroi&l application, This had boon one of the 
first nothode attcepted for other elements by Aston with partial 
Oneness in 1C13 .for neon, and later by JbrWna, Hert* and o tiro re rrith 
no re satisfactory results for ohlorino, aryon, hydro cn, nitro or., 
carbon, and otbor rlemnts* It had b^en shown that the method was 
eperr-hlr in these oaoeo, end it was believ'd that it eould also be 
applied to uranium cocnounds, "owevar, tiro loo yield of rrroduct per 
unit of tlrio, and the lar;*? quantities required for study in- chain 
react!our, cade it imperative tliat tiro theory of tho diffusion r»t iod 
bo rc-osanined, This was done by ’lari Cohan, end others at Colmbia, 
their results shorin'- how tho earlier experinontal roceduros for 
other elencnts should bo nod if iod rshsn applied to uranium. In an 
icnortant paper ( App• D7), Cohen derived tho fundamental theory for 
a r \seous diffusion separation plant, This lma been tiood, essentially 
unchan-cd, in tho dcsi n of tho K—25 production plant at Clinton 
En"inner Works, Osh- lUd.-o, Tonnosaeo, 

3-2, Thoorotloal Principles Ilnderlyin Operation, 

a, fomothetlonl '"Tocrimort, - Tho principle of 220 locular 
effusion oan bn viaualiicd by irs t yin in - u closed container, say t. 
rectangular boa, containin' a Xarpo nunber af very onr.ll opsninpu, 

Tbo boot is filled with a rao«ous eornound, end surrounded by ar. 
evacuated enacc. According to the Kinetic Thoory of faoea, the myriads 
of individual toloculcs are ir. a state cf oaao^lcsc activity, .ach 


t 
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molecule trc-vplo at high st-eed in a frtrai^it lino until it ocllidos 
either with another molecule* or with a wall of the container* tiioao 
whioh happen to enter one of the apertures in the wall, jiasa throe *h 
and esoapo to the outer s;j 6 O 0 # This acounts to a doorcase in the 
quantity of gts within the container and would be evidenced by e> drop 
in the pressure within the container* If .'he experiment is repoeted 
with a gas of groaler density (nigher molecular weiht)* the result 
Will bo the earns* except that the rate of effusion will be olueer* 
JWasurcsxsit in each of the two oases would show that the rates are. 
inversely proportional to the square roots of the molecular wei htt 
of the two compounds* The two tc;;ts ou3t bo run at identical terror- 
atui-es* Under such a condition the fluetic Theory states that the 
average kinetio energy of individual mlcculcc equal in each 
easo* Since kinetio energy is equal to ore half the product of rass 
tines square of velocity* the following equation can be written* 


thereforei 


1 «l V S 1 =2 



Wierc v represents avorege no locular velocity* and a represents 
molooular Ease* Tlio ratio of no locular voloritieo is the sa-o as tito 
ratio of effusion rates, and tho ratio of rxilooular naaeos is tho 


ratio of molecular weights* This constitutes* therefore* a mthonatloal 
formulation of tho experlawn tally observed phenomenon* A third er>ori» 


aent cay non bo visualised in whieb a mixture of tws gnaos of differing 


density arc used* Tho respective ratoc of esoape trill logically bo 



in proportion first to t2ie respective concentre. tiono, and oeoond to 
the respective avero© noleoul&r velocities, hence inversely to the 
square roots of tho molecular weights# 

b* Continuoua Operation* • As the prooese of effusion 
takes place, two ebongos occur* First the -as esoapiu' - . into the 
evacuated spaoo builds up a book pressure, Which tends to drive sole* 
eulos book tiircu h t© perforated walla into tho container* Sinoe the 
gas wtioh has passed through the container well (diffuse, te) is richer 
in lighter component than tho a tar tin™ cdxturo within ti»e container* 
tho effect is doubly disadvantageous because a greater proportion of 
baok-diffusin™ gas trill consist of the docirod lirlrt ocmcnont than 
would be tho caoo if this as contained only the oonoontration of 
llrht eonnanent which existed in the starting mixture* This is in 
accord with the reasoning applied above where respective effusion • 
rates were visualised in proportion to rosprotive ooncentratlons* 
ll>o second chan-o taking place as tho prooeso fcous on is a drop in 
tho quantity of f^u», r.nd hence of freoeuro, within the container* 

This is undeolrublo beoauoo it is this so-called ’’fore pressure" 
which motivates tho bosio proooaa, forcing nsleculoc to flow through 
the perforated walls to the outer space* This effect is also doubly 
disadvanta -ccros bcoausc > as time proceeds, tho concentration of 
lighter oanponont decreases within tho container, and, in proportion, 
iuj concentration in tho dL’fusato paawinr through tho nc.ll is docreased. 
These disadv&nta rosy my te obviated by resorting to continuous 
operation* A "stafcdy state" is* set up by eu* plying row roc to the 
container, by withdrawing undiffucod, "partially depleted" guc fron 


tiic con taints!** and by removing , 'onrialjod u naa from the dorms trrnn sido 
of t’jc perforated wall* all at constant rates* In this way chanres 
in precauro und concentration aro tlirdnatod* flow rates are ad jus tod 
in order to koep desired facto*** auoh as concentration of ll.pkt 
corp orient end total prossuro within Uic container* as hi,.h as feasible* 
Similarly back pressure Is raiainisod* 

e* Practioal Application* • The heart of the ?•23 plant 
is the diffusion cascade* which is essentially a ropes tin p series of 
•quiprwat dunllcatinr continuously* tnentyNfour hours a day* the 
simplified rrooedure discussed above# The "container" is called a 
diffuser or converter# 2he "perforated wall" is referred to as 
barrier# A oortrol valve and pas ouepe aro provided to rerrul&tc flow 
and pressure of the &ut r and a cooler nrovonts tho heat of punuinf, 
from raisin' the temperature of *h* operation* Those are the c Is rants 
of a practical "chape** 2302 diffusion atnpos are providod in the 
train cascade at K«25# The ?>fi7 facility provides an additional 640# 

An important consideration Is the site of the apertures In the barrier* 
It is anparont tfcat ordinary "holes" will permit ordinary ones flow 


of mixed ta through the tahbrane* without tho desired separative 
affect* It la necessary to keep the diameter well below tho len th 

b 

of tho "mean fre-o pat'-" of process uo ralecules# Tdc is the avert;e 
distance travelled by an irdividittl molecule hoteoon two successive 
collisions with noinfaborinp moloculeo* A very efficient barri-r 
would have an aperture diameter of O#OO0QfX>4 inch* 
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d* Factors Tor-din •' to "toduoo the Ffflclcnoy of Separation* 


(1) Bock Diffusion* • As discussed above, tlte back 
pressure on 'die downstream side of the barrier nr-st bo held at a low 
■value In order to ri.uSr.ise diffusion of diffusate back tkrourii the 
mesimme to the upstream Bide, resulting in separation in the wrong 
direction* 

(2) " Jostling"* - ifcny collisions occur between 
llrfat and heavy noleoulos while they are passing through the barrier 
openings* On tho socle of molecular namitudoc* those openings should 
be vievr d as long tortuous passageways through tho thick wall of the 
barrier* Slnoe light nolooules flow faster than heavy noleoulos* 
collisions in whioh a light coleoulc hits a heavy ono f roc behind are 
core frequent than those In which a heavy coleoulc hits a light nolo- 
culo fron behind* As a result* heavy molecules (U^^F^) are* on the 
avorago* speeded up by collisions with ll~ht mo loonies (U^^Fq), and 
similarly the light molecules ore retarded* The effoct of this 
"jostling" is to reduce tho flow of desired component* and ineroaco 
the flow of undoairod oaaponent through the barrior apertures* The 
separation is c orr espondingly reduced* Bio inefficiency Is less 
pronounced with snail or ratio of holo also to moan f roe path of the 
molecules* Bio separation factor will therefore isTore at lower 
operating proosuroo* since under tills condition the moan free path is 
greater* This footling: sffeot.is oppoood by tho baol: difi“union 
effoot* which roduooo the preponderance of collisions of 11 iit aole* 
oules against heavy molecules fror. behind over the revorse type of 
collision* 


>* f- *■ - T V m 


Viooous Flow, 


Sons non-o one ratin'- “viocous" 



flow ooours with any nractioal hole else* 

(4) Surface Flow* • A surface flow sametimes occurc 
along the file of gas molsoules which are adsorbed or. the .mils of the 
holos* Vlsoous flow and surface flow arc minor effects* 

(5) I'-lxinf Inefficiency* • As In most oasos of 
fluid flow* a stagnant film tends to form in eon tact with the hljdi 
pressure side of tho barrier* Tills bcoooos depleted of Fg« Ad* 
ditional Fg oust diffuse through this film before passing through 
the barrier* The result is a retarding of tho separative action* The 
of foot is rainlpi tod by using higfi n** velocities 00 that the resulting 
turbulence will rodooo the thickness of tho stagnant film* 

(6) Pinholes and Leaks* » Pinholes in thu barrier 
and leaks in tho converter assembly rosult in non^cepeurativs flow from 
the high pressure to the low pressure cone* faoh co n verter in the 
K-25 plant has boon tested to keep this leak flow bo low 2 per cent of 
tho total flow in the "A" stream* 

(7) Variation in Peraoablllty* - Variation in 
permeability front point to point in the barrier causes inefficiency 
beaause of inequality of separation* Tho term permeability refers to 
the ease with which tee fps oan penetrate tho barrier under given . 
conditions of fore pressure and back pressure* The Kollex Corporation 
evaluated this inefficiency theoretically in July 1044 In terns of tho 
magnitude of the variations* The theory woo used to sot specifications 
for tolerable degree of variability in barrier permeability* For aoro 
eDeplete discussion of moleoular effusion and design principles, 
reforonoo should bo mdc to the i’ollox Com lotion Ho port, iieotion 



Prior to the granting of 


3-3. ><ork on Froccss Devcloixnent. - 
OGRD contraeta at Columbia, and during the earlier period of these 
contracts, experimental work continued, in addition to further theo¬ 
retical studies. The experimental progress is described in later 
sections of this volume. It may be stated briefly that menhanical 
devices and material sere in the very early stages of development, 
with many of the details under investigation. Theoretical consider¬ 
ations had reached a stage where design, construction, and operation 
of a plant could be fully envisaged. This state of affairs led to the 
conclusion that the process appeared to be very promising and capable 
of being operated successfully, and that further research and develop¬ 
ment should be pursued vigorously. 

a. Expanded Research Program. - The incentive for thie 


continued development came in December 1942, when the '-"far Department, 
represented by the Kanhaitan District, requested The U. tv. Kellogg 
Company, which was working under OSftp contract OEKar-406, to continue 
ite research work and to undertake the immediate design of a diffusion 


plant for tha production of one kilogram par day of U-235 et a concen¬ 
tration of 90 par cent. A subsidiary fim, the Ksllex Corporation, was 
created to undertake this work (App. D8). fundamental research wae 
to be done at Columbia University (App. D9) under the direction of 
Dr. H. C. Urey (App. D93) with somo study of special problems at other 
plaoea such as Bell Telephone laboratories (App. DIO), i rinceton Univer¬ 
sity (App. Dll), and the Jarsay City Laboratories of The K. <V. Kellogg 


Company. At this time, the gas diffusion work at Columbia was being 


carried on under 03Rr> nontr- ct l ''E >, er»4I?., but nefptJjationo for tronofor 
of the wort to tho Ifenhattan I'latriot wc-ro in nroToBfl* As tabulated 
by Kalltoc* it wee reoo -nised tlmt the i’ro^eot involved* 

1* The doeirri of ft plant utilisin'* a prooeaa never boforo 
attesvtod on othor than a laboratory soalo and for 
whioh even laboratory data woo incorrlote* 

2« Tho enpineorinr of an opera 1© diffusion easoude 

oociprioinr several thousand sta-os, under condltlona 
which nado It apparent that ienortant deoiaione would 
have to be node before adequate proocaa data would be 
available* 

3* Tho oonatruotion of a plant of unusual else and cco¬ 
pies ity containin'- lar, a quantities of special equip- 
sent - the resultin’ installation having to be for all 
- intents and purposes vacuiaa tight and surgioully clean* 

4* The design* engineering and oonatruotion of extensive 
auxiliary facilities and utilities* 

5* Tho devolopoont and fabrication of several millions of 
square feet of barrier - a totally novel and highly 
special mtorial* 

G« The development and fabrication of sir or seven thousand 
special plan s of various sisee and characteristics* 

7* The development and fabrication of six or oeven thousand 
highly special nun sealing devioos# 

6* The development* fabrication and assembly of several 
thousand converter unite of several cisco* 


9* T5te davt?lo rr.-nt on 4 fabrication of lar-e quantities 
of speolal vulvoe, pipe mid other process e qulrrcnt# 
10* The development and ranufacturo of tens of thousands v 
of special netnrin- and controlling iR3trunntc# 

11* The development of a oocprccanolvo vacuum techno lory 
end of asocial leak tontin devices* 

12* The dovulo incut and production of slsoablo quantities 
of a rnsaber of sp-iolal ohoraJoals of hirjh purity* 

1?* The solution of unprecedented oorrosion problem* 

14* The proourenont of a larpo block of variable frequency 
newer of ultra-dopendabillty* 

3-4* booim of har?-c Scale Mart* • /ptllixin the theory 

/*• 

developed by Cohen, and as a result o r further otudies b its oca 
•n-Inoera, the tellcx corporation* vorfein- under CSRI) eontret, redo a 


report of pro reac ir. .'.'arch 1943 pj nT2'>* This "First fro^recc 
Report' on tho d iff uni on plant wuu basod or. the oonoepts of atuf-o and 
oaseado operaton as discussed in "e.ra • rapt. 2»? of Volume 1* Corairo- 
hensivo procoas design. was included for a lar~c soalo d iff us loral 
separation plant to produoo one kilo ran of ”—235 nor day, 90 r;or cent 
pur©, fron P100 pounds per day of food containin' 0*71 per cent fg 

Desi'Ti of auxiliary eouinnont «uo also presented in considerable detail 


\ | . . m ii mi 

3-5*^ XltlcPffiCc t teat ^gcuy^oeats* j» 




In the oarly part of 


1942, a £rou’< of inplich scientists, including' oca re, •/* A* Akers and 
F* Sirxm, visited this country and explained their schcne of plant de¬ 
sign, Tbo Ano rloun as developed by iiie Kollox engineers fror. 

the theory of Co?son others* ..us planned to opornto at relatively 
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5*10 


hip?! 'C.s pressure, and honoo under condltionn of turbulent r,5xlr. « 

Tt was also dcsl-ncd for rlnlcm barrier art holdup and equilibrium 
tine# Tho holdup ic the oneint of diffusing mtorial which it takes 
to fill in the plant, or tJiat rcmizis ir. the plant onc3 cannot be with¬ 
drawn as product# "ho equilibrium tine ir» that period during which 
the plant nust operate at total rcoirculation bofore a product of the 
roquicito purity nay bo obtained# If the holdup io decreased, the 
equilibrium lino also decreases# The **v-liah plant, however, was 
devicod to operate with diffusive mixin f and thus with lower : ac proa- 
suroa than the American plant# fihile there are advunta; ea to both 
schemes, tho Anerioun en inccrs ro^acted the British dosipn primarily 
because of the lar -e fas volumes roquired in the latter# iiovoral. 
other alternative British doslms were conoiderod ’.ut they too wore 
rebooted because of the It rye nusnin^ loads and complicated equipnent 
required# These are described in detail in the British publications 
(App# DlS)# On a later visit by fessrs# F# Simon , R . i'eierlo, and 



other Ejotfijcrs of a British proup, alternative plant deal sc vrore a tin 

% 

discussed, and similar conclusions wore reached by the Anerioan la¬ 
ve at ipa tors (App# rid)# Further diocuccion of British assistance In 
connection with deal n ^roblemo is oreoented in Yoltrse 3, Section 15. 

S-C# later Work on riant Theory# - Hie theoretical fr^in at 
tho CJ.'. La’rorutorieo continued its study of tho lar-c ocalo ->lant, at¬ 
tention bolrtf: centered : ostly on problems of control and stability of 
operation# The results have been presented in several reports (App# D15)# 
These workers also inventifated the behavior and operation of the ZA 
sta-c "Hot plant (a portion of the rain production plant) erected 






at Clinton I'n -inoer V’orkn, GoJ: !;lr’~o, Iferan 'ea-'-o, and doviaod a nrorrun. 
of experiments nlaaned to toe* tl«c or^ratin^ theory (A~> # DIG)* 
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SUTTON 4 - IWTOJMnnjf OF r»IFT r, STOTT 3AR n J!:RS 


4-1* Early Studies * • In the latter part of 1941 the search ras 
be run for a barrier material of the required porous structure and with 
suitable resistance to corrosion by uranium hexafluorides TJhen the 
first erode barriers were tested with TJFg in 194? ( the s©pare.tin- ef¬ 
ficiency observed left satoh to be desired* Since very little work had 
been done on raseous diffusion theory prior to the F-26 Project* the 
phenomena involved were not well understood* It was not known whether 
the inefficiency of the early separations obtained was due primarily to 
fundamental characteristics of the molecular effusion process* or to 
imperfect design and construction of tho barriers employed* TO avoid 
the difficulties and Inconvenience of handlinr HF^* it wee decided to 
carry on routine barrier tea tin- with a working substance eons is tin- of 
a mixture of helium and carbon dioxide* It then became necessary to 
determine the relationship between the experimental results obtained 
with a particular barrier when separating helium from carbon dioxide* 
and the separative efficiency which would have been obtained with the 
same barrier under the sans conditions* but using the K-25 working 
*ubsbancs, i*e*^ a mixture of D-235 hexafluoride and U-258 hexafluoride* 
Discouraging ly slow pro-ress was made in workin- out suoh a method of 
correlation* as well as In the development of a basic understanding of 
phenomena involved* In the fall of 1942* when tho first plant design 
calculations were made* barrier development bad been in progress at 
Celuehla University for over a year under OSRD oontmoto* It was eleor 
that considerable improvement in barrier properties was to bo expected* 


4*1 


but, in order to prooood with plant design, it «u neoessary to fix, at 
that tine, eartaia apaoifioationa (App« DB4) for tha barrier* Subaequant 
development was than diraetad toward meeting or exceeding thaaa speolfi- 
eatlons* 

4-2* Barrier Properties* 

a* Fraaaaa Proportion* 

(1) Separating Bfflalonoy* - Tha moat inportaat 
proparty of tha barriar, aa far aa plant design ia oonoarnad, ia tha 
separating affiaianay, tha effectiveness of "filtration* of V 886 Fg 
molecules from praeaaa aatarial• Tha "aaparatlon factor* ia defined aa 
tha ratio of tha relative aanaantration of daalrod component aftar 
processing to lta ralatira oonoantratlon bafora processing* By ralotion 
aanaantration la maant tha aoli^^tio of U 88 ® Pj to U 88 ® Pg praaant in 
tha preaoaa stream* Tha * single stage aaparatlon faatar” would bn baaad 
an tha ratio of tha aanaantration of tha A atraan loaning a converter to 
tha oonoantratlon in tha notarial atraan anppllad to tha converter* Tha 
"overall plant aaparatlon faatar” would ba baaad on tha ratio of aonoen- 
tration of tha product material to tha aoneantration of food notarial 
anppllad to tha plant* It fellows fron Orahan'a la^ that tha ideal 
separation faotor for a single gaaaona diffusion stage is tha square 
root of the ratio of tha noleeular weight of U 88 ® Fg to the moleoular 
weight of B 886 F 6 » 

In praotiao, with other variables such as operating pressure and tamper* 
aturn fixed, the aetual single stage separation faotor is a function of 


barrier struotura, increasing with the fineness and uniformity of the 
apertures* If the separation factor realised with the aotual barrier 
Is lover than that ehosen for plant design, either the desired produot 
concentration cannot be reaohed, or a lower output will hare to be 
accepted* To produce cno kilogram per day of uranium at a concen¬ 
tration of 00 per cent of the light isotope, as originally planned, the 
separation factor would have to equal or exceed that specified* In 
Juno 1944 a Minimum separation faetor of 2*8 was specified when testing 
with a mixture of helium and oerban dioxide, at a fore pressure of 80 
centimeters and a back pressure of 4 centimeters of meroury. It was 
not until Juno 1944, by which time the ereotion of process buildings 
at the K-26 plant site was half completed, and the installation of 
equipment well under way, that a satisfactory theory of effusianal sepa¬ 
ration was evolved, together with a satisfactory method of ecoversion 
from helium-carbon dioxide to UFg separation factors* This data cam 
as a result of intensified and combined efforts of the 8AV, British, and 
Kellex groups, as wall as the California Institute of Technology* 

(2) Porosity, - The next most important property of 
the barrier is its porosity* Of all the gas molecules striking the 
surface of a barrier at a given instant, only a small portion passes 
through to the other side. The fraction of total impinging molecules 
wfaioh sueoeeds in penetrating the barrier wall will depend upon a 
number of variables including the fore pressure, back pressure, nature 
of the proeess gas, and structure of the barrier* It is important to 
establish a porosity ocnoopt whloh will have a definite mathematical 
value, whloh will be oenvaniant to maasure, and whloh will be readily 



reproduoible under specified test conditions* Such a concept is neoes- 
aary in order that numerical oompariefans may be made between various 
types of barrier under consideration, and so that the flow rates and 
pressure drops to be expeoted in a plant designed to use a particular 
type will be subject to numerical prediction* In the early stages of 
barrier development, it was customary to rate the flow chareoteristics 
of experimental barriers in terms of the "specific flow", which was 
calculated by dividing the observed flew rate per unit area by the 
pressure differential causing it* A given barrier specimen would show 
widely different specific flows when tested with different gases* 
Further, the specific flow had to be expressed in a oomplioated unit 
such as oubie centimeters per eceond per square centimeter per centi¬ 
meter of mercury* To correlate data obtained in different laboratories, 
it was necessary to convert all values reported to the same system of 
units* A more convenient eoncept was later established by incorporating 
into the speoifio flow a factor containing the swleoular weight and 
absolute temperature* The new quantity was termed "permeability", and 
oan be thought of as the ratio of actual flow to the flow whioh would 
ooour by moleoular effusion if the barrier were mot present* It is a 
dimensionless quantity) the numerical value is independent of the unite 
employed for flow and pressure so long as the system is consistent* A 
further advantage in the use of the permeability oanoept instead of the 
speoifio flow is the ft-ot that its mumerioal value is muoh less dependent 
upon the nature of the prooess gas used, particularly at low pressures* 
Finally, the permeability as above defined has a theoretical basis in 
simple moleoular effusion theory* For these reasons, the permeability. 




designated by was generally adopted throughout the Projeet for 
oorrelating barrier porosities. Further studio* showed that the perse* 
ability of barrier Is node up of two parts* One part (do) is nearly 
independent of the gas used* and the test conditions of pressure and 
temperature. The second part Is definitely a funotlen of these variables. 
Thus* it was found that when observed pemeability was plotted against 
"pressure sun" (fere pressure plus back pressure)* a nearly,straight 
line was obtained which would be represented by the equationi 

Y 5 To O s CP; i r 6 )J 

in whlehi If m penaeabllity 

Pi a fore pressure 
po s book pressure 

X 0 w extrapolated value of penaeabllity »t sere 

pressure susi 

S * the "slope factor" 

The porosity properties of a barrier can be speelfied by giving values 
for and S. 1 


DELETED 



Qvt 

K* 


* 


Barrier Typo 


s 


(.1 

______________ 

--- £>g 

DELETED 

Permeability is dspsndsnt upon ths operating pressure, increasing in 
magnitude as ths differenoe between fore pressure end book pressure is 
ihoreaaed* Permeability is also a funotion of borrior struoture, in* 
oreoeinr both with the number and siso of the holes* A barrier of o 
oortaln permeability with o large number of fine apertures will show o 
greater separation faotor than one with a smaller number of larger 
holes* It la neoesaary to speoify both uppor end lower limits for 
permeability* slnoe if the permeability rlaee above the upper limit, 
or falle below the lower limit ohoaen for pleat design, prooees pump 
' effloiaaey deoreeees* Prosess pumps beeome unstable if their intake 
fells below a specified limit, end as permeability increases, either 
the horsepower of the proooss puaps must inoroaso, or the total pressure 
of the plant must decrease* 

b* Chemioal Properties* 

(1) Plugging Charcotartatlos* - The barrier must be 
ohemioally inert to uranium hexafluoride, a very agreeelsubetanoe* 
Reeotion of the barrier material with process gee can lead to sorious 
reduction'in permeability by growth of reeotion produots within the 
pores* Moreover, corrosion at other points in the preoesa system oen 

v , 

form solid produots which may lod e in the apertures end produoe the 
sene result* Since six months was oonsidered to be the minimum allow¬ 
able life from the point of visr of replaoeoent and plant maintenance, 
a tolerable plugging rate for barrier wao aet at 0*16 pef osmt per day* 
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A second aspeot of 


(I) Process gat Consumption. - 


oorroslve action is its inherent consumption of valuable prooass material. 


This would b« particularly undesirable in the higher sections of t-xe 


plant, and constitutes a second reason for developing a barrier which is 


chemically inert to Ul e . 
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a. Yeehanleal Properties. - 
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j It is difficult to calculate the atresaes encountered and set 
up within the material during operation, but development studies have 


shown that the substance will be sufficiently rugged if it can be 


designed and fabricated in such a nay as te withstand the rather severe 


iapoeed during manufacture and installation. The area of 


barrier required for the plant was estimated to be five mi 111an square 


feet. It was thus apparent that the fabrication of barrier called for 


a material whieh would be both available in suitable amounts, and 


amenable to aa simple a manufacturing procedure as possible whieh would 


result in uniform quality. 
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4-8. Barrier Site and Shape. - The ideal plant as demanded by 


theory cannot be realised in practice. In such a plant, for example, 
e 

diffusers. pusq>s. and ether equipment should theoretically decrease in 


site continuously from the feed point to the ends of the caseado. 


Praetieel plant design*requirements oalled for a small number of equip- 
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went liui, and lowest possible plant oost with respeot to this faotor 
and othar variables, The distribution of barrier surfaoe throughout 
the plant is described in Volume 8. 

Q&z 

oEuEfeo l/A 

j la order to eontrol the quality 

^of produet as far as leakage of barrier tubes is eeneemed ( a "leak 
flow test" has been devised in which representative tubes seleeted at 
randesi are placed in a speelal test naehine and subjected to internal 
air pressure* The pressure is adjusted till the rate of flew ef air 
diffusing through the barrier is 800 eubie eentiaeters per minute, and 
the upstream pressure is measured* 

— , j 'MV 
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4-4* Barrier Types. 


a* First Types Studied* - During the early period ef the 
work at Oolunbia (prior to 1B48) many proposals far barriers wore in¬ 
vestigated and aband oned for various reasons* 
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Whan contract W-7408-eng-80 became 


effective, a division of the Sib Laboratories was established for the 


speeifle purpose of studying new barriers* During this period, many 


attractive products wire developed, sons to a greater extent then others* 





It soon blent apparent that thara vara many promising harriers whiah 
deserved exploitation, hut shortages of manpower, dlffioultiaa in pro- 
ourenact of materials, the necessity for rapid development, and similar 
faotors determined the partioular types to ha aalaotad for further study. 
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JfSm properties of same of the harriars 


mare aery promising, hut most mere eventually dieeardad for reasons to 
he eited* 

b, Primoipal Types Considered# - In the original plant 

_ t 

design report (App^ 012), three primoipal typos of harriars mare under 
eonslderation (App, D1T), ^ 
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Vore extensive dissuasion of harrier 


development is given in the Kellex Completion Report, Seotion III, (?)• 
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work m tko imlopMnt of prodaitiai mothodo mi aloo 4too by Sam 

l^our, I no* undor a lajllox onboontraot. ^ _ 

(I) Powdorgiokol Barrioro* • \ 
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This work was started under 




OSRD oontroot GBfsr-1125 (App. D19) # and continued under eontract W-7406- 
eng-142 (App. MO). ^ 
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Samples examined by Kell ex personnel toward the end of 


that year showed pood process properties and fair neohanloal strength. 
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The rellex Corporation oooperated and supplied sobs of th« teohnleal 
personnel for this Installation* Kellex also undertook a survey of 


Industry to find a oonpany to handle the ultimate nanufaoture of this 
barrier* On 1 April 1943 the Houdnille-Hershey Corporation was ap- 
proaohed by Kellex and Arsy representatives* 
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j It was decided to build a new plant adjaeent to the 
Fioud&ille-Hershty Oakes Produets Plant in Peoatur, Illinois* A researoh 




laboretory was also organised in part of the Oakes building to eupnle- 
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Rent the Columbia program. 
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A number of oontraeta more awarded to outaldo 


agenoiea for atudy of aone of the nor# oritloal 


DELETED 



♦ 



p£ 





^° e b C$) 

) This, In turn, was 
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superceded by the DA barrier (formerly oalled K-l) nhloh m actually 


usad In tha 1-26 production plant 
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Thass car liar experiments vara made in collaboration dth 


tha C. 0 . JO 11 iff Manufacturing Company under cubeontreat § 11.146 ta 
oontraet OQIsr -412 (App. A). 
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(2) froduotlon. - Laboratory production ©X thio 


barrier In sises up to 8 toy 14 inches, and in amounts up to fifty aqua re 
feet per week, was obtained in the Pupin Laboratory of Columbia University 


during the latter part of 1942 and the early part of 1943* In January 
1943, etepa leading to the continuous produetion of this notorial were 
taken by planning for pilot plant production in the Sohermerhorn 
Laboratory at Columbia University* The design and oonstruetion of the 
necessary machines mas undertaken by the Nov jersey Vaohine Company 
y(App* D21), with the oooperatlon of engineers from the Keller Corpo¬ 
ration* Construction of the machines began im February 1948, and by 
1 May 1948, installation and erection of the pilot plant was veil under 
way. Initial operation of the mao hi nee was started in July 1943, and 
the plant eventually operated on a twenty-four hour basis* 
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At the 


termination of oontract OBKsr-412 (30 April 1943), it 
♦ 

appeared likely that this barrier oould be produced in 


suitable quantity and acceptable quality* Simultaneously 




with the construction of the Sohermerhorn Pilot Plant, 
beoause of tho urgency of the Project, design and con¬ 
struction of machines far large soale production was*' 
carried forward at the Sarfield Division, Houdallle- 
Hershey Corporation, Deoatur, Illinoia (App# D22)• Close 
cooperation between the groups at Deoatur and the Columbia 
investigators was maintained during this period, 

(S) Moohanloal Properties# • There was a steady 
improvement in tho properties of the A barrier, espeolally during the 

latter part of 1949# However, its moohanloal properties were difflonlt 
* 

to control, and considerable rssearoh on these problems was undertaken# 



report on the A barrier by Idward bank, Jr. (App# D23) provides complete 
details of tho product as finally obtained# * 
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j The latter is deeoribed in succeeding paragraphs# 

■— -- »> 

(4) Abandonment of A Barrier# - At a meeting held at 
Deoatur, Illinois,on 16 January 1944, attended by representatives of the 
Manhattan District, the Houdallle-Hershey Corporation, the Kellex Cerpo* 


ti?) 


ration, 'the Carbide add Carbon Chemicals Corporation, and the SAL* 



Laboratories of Colunbla Ohivereity# plana mrs nade for the lmedlate 

conversion of the Houdaills-IIerthsy plant from the production of A 

/“■ 

harrier to S»1 harrier (App# D24# 51)# 
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'I_ywuch of tbs A prooedure and equipment at Deoatur me directly 

applioahle to the new harrieri hone# previous socperlenee and reeearoh 
oould he utilised# On the haeie of theee considerations, aajor esphasl* 
at the SAlf laboratories ms lamedlately shifted to DA harrier# and 
research on A harrier ms oonplately discontinued within a fee moths# 

It ms also decided at this nesting to assist overall responsibility for 
supervision and coordination of all future barrier research and develop* 

sent to Carbide# Supervision of production and control at Deoatur ms 

j? 

vested In' an engineer on loan fron the Bake 11 te Corporation# A liaison 
group of Carbide technical nan ms assipied to the Kellex offios in Bee 
York# This group re viewed all reports on barrier development mtsrlals 
proposed for nanufaoture at Deoatur# and was responsible for deoiding 
which materials should go into tho Deoatur plant for processing# whioh 
were unsuitable# and which should he further developed# 
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v en ter of the Si barrier (formerly sailed K-l barrier), are anthers of oobo 
tno er t a in^lyi studies of theao point* are now being nule by the lfcnhattan 
Diatriet Advisor on Patent Matters* The notarial nas kncsm to E« 0« 

Morris and W. r« Libby t at Oelimbia, during the period when greatest 
enphasts nas beiqg; p l aeed on A barrier* It nas also imestitfited at the 
laboratories of the Bell Telephone Cenpany and the Xellsx Corporation* 
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(2) Production* - As indie at sd previously, in the 

* 

early part of 1944, work on the A barrier at the SAM Laboratories was 
^terninated, and the faellities and personnel available were diverted to 
study of the DA barrier* The Sohernerhora Pilot Plant at Columbia was 
altered to preduee DA smterlal, and aa intensive study of optimal 
standard aanofaotwring processes and evaluation of preeess variables 
was initiated* Te. expedite progress, the Kellex Corporation likewise 
operated a pilot plant at the Wash Building In Yew York for reaearoh on 

i 

the DA barrier, with the work of both plants coordinated* 
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The proeess, as operated by the Roudallle- 


Bcrshcy Corporation in Deeatur, eventually attained a daily output of 

» 

as,000 tubes of DA barrier* ____ 
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t Oa 1 September 1944, K«11 m personnel and the 


pilot plant formerly located in tho Hath Building vara transferred to 
tha SAM Laboratories* Ch 1 January 1946, the Sohernerhorn DA barrier 
pilot plant ana dismantled* Tha major part of tho raaaaroh had boon 
accomplished, and front than on, attention waa oentered on another type 
of barrier* In tl\e^maia K-?8 oaaoada, plain DA barrier haa been 
ina tailed' in 1962 stages* 
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f• WB Bdrrler. - Am account haa been given, of the 


b) 


k 


powdered nlokel barrier as studied at the Bell Telephone Laboratories 
and at the SAM Laboratories, first by Colunbia and later by Carbide. 



served in the porosity range of interest, both separating efflolenoy 


end porosity being readily controllable and reproducible* 
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In January jvee, production was started by Linde and oentlnued through 
March 1946 at whioh tine the barrier plant was plaoed in standby 

A 


condition. 



(1) Prooedura, - The pilot plant development of this 
material/ was assigned to the FAV Laboratories, was begun during the 
latter part of 2944, and was continued through Kay 194 tjf 
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(S) Produstloa* - The WB terrier, which was productd 
at the Hade pleat, wee weed la a um.11 pertiea of the K-S6 product lea 
pleat* It wee first laetelled la sia stages, aad later in forty-eight 
additioaal stages whieh were seiseted for experimental operstlon aad 
proof of its suitability* 
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g* Minor Types* 
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They ooatreated with the Globe Daion Company who worked 
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on the problem for several months* 
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Tho development we* not 


oonsidered promising, end we* therefore stopped* 
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(8) T-Barrler* - During the spring end summer of 1944, 
specimen# of pro-formed barrier tube* designated as *Y* tubes were 
produoed by the Beutex Corporation under the sponsorship of the Kellox 
Corporation* 1 
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/in order to 


establish the feasibility of producing the T tubes in volume* the A. S. 


Campbell Company undertook a program of reaeareh and development*/ 
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4-6. Powdered Hiokel. - 


m 


DELETED 


/ 

bve 

t>/s 


h 


/ Eventually* two other varieties were shown to be 


suitable* One called powder B, or •Virginia" powder* was made by the 

International Wlekel Company at Huntington* west Virginia* and by the 

( 

Vetalo Disintegrating’Company at Elisabeth* New Jersey) the other* 
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called C or "Elgin’’ powder, wi made at the Elisabeth plant from niokel 
oxide obtained from the Linde Air Produet• Company at Tonawanda, hew York* 


DELETED 

j Subsequently, another niokel pomler, ealled D powder, waa 
jleielopal and predueed by Linde using an lsroroved preoees whleh greatly 
inereased the produotlon rate. 
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The preduet possessed the advantages of a continuous nanufa oturing 
proooas, it required only a short furnaolng tine, and it employed the 
previously unsatisfactory domeetie powders whioh wore roadllyavallablo, 
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plaoed in production at the Linde plant In February 1946, and oentlnued 

until the plant was plaoed in stand-by condition several months later, 
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SECTIOk 6 


DEVELOPMENT Of SPECIAL PUMPS 




£•1. Propose Pumps. - Gas of the basie element* of a diffusion 
•tag* is a suitable ptap or pumps. With the sole exception of the 
barrier development program, the decisions made In connection with the 
oholoe and evolution of process puxp sises and characteristics had a 
greater effect on the shaping of R-Z6 oasoade design than any other 
single factor* An extensive treatment of the development of pumps for 
process use and ether purposes can be found in Section III,(8) of the 
Kellex C crntp let ion Report, 

a* Requi r e men t*. - In 1941 E. A* Beorse prepared a paper 
discussing the general problem of gaseous diffusion plant puwps (App. 
B27). It was reoognised that the following requirements had to be 

met i 

1. There must be effectively no less of prooess gas frost 
the ay a tom. The volume of gas to be handled by the 
pumpt, most of which is repeatedly reoyoled throughout 
the plant, is very large In oaepariscm with the rate of 
feed to the oasoade or the rate of product withdrawal. 
The smallest fractional less of the process stream ae 
outleakage would constitute a very serious loss in terms 
of feed or produet* 

2. Inleakage must be limited to a very low tolerance set 
by considerations of end product less and purging 
capacity. 

3. There muft be cbaolutcly no Inleakage of oil fog ot 
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condensable vapor* ?>ueh tutorial would ro .ct with the 
rroooss Enteric 1, and would iumir barrier torforasaoo* 

4* In order to reduce tho plant oouilibriuei time tc as low 
a value as possible* Jioldup volute of tho pumps must be 
tsininisoda Tills amounts to the requirement of very 
high pumping spoodfi* 

&• Materials of construction must bo particularly resistant 
to omnium hexafluoride, booause pusr> parts are subjected 
to higher ;*aa temperatures and velooitios than any other 
part of the plant* Corrosion will hasten failure of 
thin metal parts such as a hollows, and solid corrosion 
products oan.interfere with proper perfsrnuos of pro- 
oieion party* 

6* A wide range of capacity and ooppression ratio Is 
required* 

7* Hie pump Bust bo capable of } and linn a gas of unusually 
high molecular wwiphtj the donoity of UPg is about 
twelve times that of air* 

0* ’nffiolea<?y of operation i* especially desirable in order 
to minimise the power demanded by tho several thousand 
preoese pimps# 

b* Selection of t urr Typo* • It wac; generally believo-.? 
(App* 1)12) that centrifugal purps satisfied these -requirements core 
completely than any other type, but bcllows^oraled rcciproeatinr purpr 
were re -arded as probably aece-table eubetituteo if the anticipated 


development of a centrifugal ty-e should prove fc>jtcv-oee#sfui* The ad- 


r 


I 4 i il* 



vantages of a centrifugal machine over a positive displacement type aret 

1. It can be built in larger capacities, 

2. Holdup volume is lower per unit oapaolty. 

3. It can operate at lower suction pressures. 

4* The centrifugal pump has no valves and presents fewer 
mechanical problems. 

5* Delivery of a centrifugal pump is non-pulsing. 

However, the centrifugal pump also possesses certain disadvantagesi 

1. Pressure delivered and pumping capacity vary with gas 
density, and therefore with the composition, pressure, 
and temperature of the process stream. 

2. There is a pumping limit, or minimum auction volume, 
below which instability or surging develops. 

3* The high speed requirement results in high velocity 
process gas scouring of the impeller and easing. 

4* The pump is affected by small changes in speed. 

5. A compression ratio unusually high for centrifugal 
pumps is required. 

heoiprocatiiig pumps were considered desirable in the upper sections of 
the cascade because of the low pumping speeds required, and prior to 
the successful development of an external seal for centrifugal pumps, 
or alternately, internal motor bearings and seal, reciprocating pump 
development was believed necessary, as insurance against possible 
failure of the centrifugal pump program. Considerable work was there- 
fore done on reciprocating pump development (App. D28, D29), but, since the 
decision was later made to cancel plans for the construction of the upper 
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EN MOTOR CENTRIFUGAL PUMP \ 

WITH CARTRIDGE SEAL. 

ly oevCLOAco ran plant use 



sections, and since the centrifugal pump program proved highly successful, 
this type of pump was never used in the main cascade. However, a recipro¬ 
cating type was used for the purge cascade ( Far. 5-5)• 

c. Centrifugal Pump Development. - The work was divided 
into two portions: the design of the pump proper (impeller, diffuser, 
and casing), and the design of either a shaft seal suitable for use 
with the usual separate motor, or the design of a motor to be enclosed 
within the pump easing and of such nature as to withstand exposure to 
the proeess material. Ultimate ohoice was made of the apodal seal 
rather than the totally enclosed arrangement. This decision was based 
on such disadvantages inherent in the closed type as larger sise, 
complexity, and necessity of auxiliary pieces such as an oil pump, 
cooling fan, and internal seal. Difficulty Mas also experienced with 
the development of special insulation and lubricating oil. furthermore, 
delivery schedules for the manufactured items were alarmingly long. In 
the early stages of the process pump program the decision was made to 
limit the number of shaft seals to one par unit, thereby specifying an 
overhung shaft. It was also decided to use s single stage pump design. 

This required s compression ratio of from 2.3 i 1 to 3*2 : 1 - extremely 
high for a centrifugal pump. This decision also made necessary the use 

of 

of peripheral impeller velocities in excess te the velocity of sound. As 
finally manufactured (App. D36) by the thousand at Milwaukee, Wisconsin, by 
the Allis-Chalmers Manufacturing Company (rig. 1), the pump includes an 
open-type electric motor, and a triple-disc seal. The development of 
the aeal is discussed in Paragraph 5-2. The impeller is built up by 
welding fros: plates, rings, end blades of sheet monel. The front and 


beok plat** »r* eold formed is * hydraulio pr*a*. Th* blade* are 
provided with edge tongues whioh project Into hole* is th* plates* 

Except is the 1200 cable foot per idnut* else, four "equalising tube*" 
pas* through th* impeller to balane* th* pressure on both side* and 
eliminate end thrust* The impeller consists of twenty equally spaoed 
blades of l/d ineh monel sheet* The blades are curved, and are assembled 

v/ 

on the Impeller wheel with a backward sweep* They are enolosed at baok 
and front by monel hub and oarer dlsos* Th* backward sweep feature of 
th* blades gives a steep pressure-volume eharaeterlstie, lowers the 
pumping limit, and provides a nan-overloadlag power-input characteristic* 
The soroll and diffuser are mad* of internally aiokel-olad steel. All 
easing joints are weldedj all bolts, stays, etc* are provided with 
welded or soldered seal caps. Bearings are sleeve type, babbitt-lined, 
fed with continuous flowing lubricant from a central system* At the 
motor end of the drive shaft there is a flexible coupling, with a 
removable spacer long enough to permit removing the seal cartridge 
without disturbing th* shaft or motor* A "blowout preventer" (used 
only during seal maintenance) is provided to prevent leakage of air into 


th* pump while changing the seal* nearly 6000 of these pumps are 
lastslied in th* 1^26 cascade system* 

6-2*' Centrifugal Pump Seals* 


a* Early Studies* - The Columbia Investigators devoted 
*• 

considerable effort to th* development of oontrifugal pump soals end. 


ss summarised in February .1643 (App* DS1), three main varieties were 
being contemplated* 
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3aeh of tiiose typos possessed oartaln dlaudvanta.oo, and none use finally 
aoeeptod for use In the gaseous diffusion plant* For a discussion of 
the eo He or. these types tlie reader la r of erred to the Eellex Completion 
Haport* Seotlon in* (8) A* 
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Deaipa principle* and operating tfharaoterletios were found to bo auofa 
that^it^afequately not the requirewento for oentrlfu^il stage poops* 



J tevestlf^tlaa* were continued at the SAX laboratories 


through Ueroh 1M6 ( slsmltaneouelgr with the produotion pro gran* 
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A mriatlan of this ptnp 0 trtiioh retained th> nm maI uait.m* 
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(8) Prevention of Sea1 Rusting* * Bile ns* n& 1 me 
a great stsp formrd, but it me not the final earner to punp seal trouble* 
Original shipmate ef teals wn found to be rutted on erriml et Hie 
j plant site* Study me aadt of this problem by AUis-Chalnsrs and 
Carbide* After a nadbor of attests* a solution ms sorted out so as 
to prevent any dstsriomtioa of Hie seal b e t wee n the time it left the 

O 

m a n u fa c t u r er and its arrival at the £-35 pleat* mum Hie eeale mere 
ready for shipment* they were olssasd to speolfioatlons aad peeked la 
sllisa gel* la aa atmosphere of dry nitrogen* aad the Individual oca* 
talaers sealed* This ended the rust diffioulty* Xa addition* the entire 
eealvas shipped as a sartrldgs* aad eas se kept until ready for assembly 
on a pum >* 

(S) Xmprovensnt of Seal OSshst* - trouble with seals 
in the plsnt continued to be the mjor oeuso of sell damrtlm througi 
the eonpletioa of Hie 306 Section* and for seem time during the ope* 
ration of that eeotion* Ctae mjor phase of the problem me run den 
by the Operations beohnloal croup at His pleat* A am b er ef leaks ehioh 

t 

had been attributop. to seals sere found to be due to the ffmb st used on 
the seals* and act to Hi* seal itself* A am gasket developed ty Carbide 
st SAM has eliminated this trouble* This xmr part is a rubber ring 

a* 

gasket aad is core eooootdoal to maufeeture aad to use* 

(4) Seal Modifications for the >06 Seotlon* - Soon 
♦ 

after Hie 806 Section went on stream it cocaine apparent that seal 
failures mere ooourrin* at such a hl#i rate as to reduoo the effectiveness 
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They were vary feorougily tasted by the group at SAX before being 


inatailed* Ibe euooeea of these seals Is witnessed by the feet feat 
j the rate of seal failure in K-27 stands at a eery low incidence* fee 
operating stream efficiency of the easeade has been over 99 per oent # 
as opposed to fee 87 per cent originally predicted in design* In 


largo measure this higi efficiency is due to fee very thorough research 
and testing carried out by the Carbide Seal Development Otovq at 8AM* 
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j Diaphragn ptsaps require no stale a and* therefore* ntithtr a 

~ ( Fn "j ' 

j Seal gas system nor a seal eaouw system* At the sane tlx»y the no tor 
winding? oaa bt situated in the atmosphere* so that oooesntional 

insulation oaa bt used#/ 
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a* Preliminary Tests# • 
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b. Development* • 
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Totally tegjgwd Propose Pago* • 



A* tjrpo Cf-QS ptap 


repres en t ed a nail totally eno l oood too stage ffeotlnghouee dealpi with 
an oil lubricated bearing and an oil seal* As rotating elenente war* 
Mou n ted on a single abort rigid shaft* As asssnbly oould bo short- 
ooqpled and flange-oowtsd* and required no baao plato or foundations* 
It did raqnlro a apoolal actor Insulation resistant to proosaa &s t 
and a apoolal Ufg- resistant lubricating oil* It also roqulrod a 
pooling fan and a apoolal typo aoooooory oil poop* Sorlous difficulties 
wars onoo un t or od with the oil and Insulation* and with tho dissipation 
of host* Development of onolosod motor design was disoontlnuod with 
tho suooossful evolution of tho epeawsstor sealed mlt* 

W>* Purge ^Punro* • As purge oas oa do *my ho oonoldorod as an 
extension of tho sain proooss oa s oad o * Multi-stage diffusions! sepa¬ 
ration Is carried out in this section based upon tho sene gaseous dif- 

“ < 

fusion principles so in tho rest of tho plant* As pilose at this 

point* however, is not to offset the separation of different isotopic 
varieties of uronitn hexafluoride* but rather to renow any lljht 
diluents whiph nay hate found their way into the process etrean* The 
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density of the pas handled In the purge oosoade varies markedly from 
point to point* The molecular weight varies from that of nitrogen 
(28), to t!iat of uranium hexafluoride (868)* Decreasing the density of 
pas handled by centrifugal pumpay deoreases the discharge pressure, and 
thereby the eapaolty* This results in the requirement of higher speed, 
larger Supellers, or more stages* These required characteristics vary 
from stage to stags* Positive displacement pumps, on the other hand* 
ean handle 0UM*/ of different densities without a detrimental effeot 
on the compression ratio* The p r o g ram which was undertaken to develop 
the machines which would be necessary for the purge oasoade, and which 
adgit also serve as acceptable alternates for the naln oasoade in oase 
a suitable eentrifugal pump eould hot be found for that application, 
was oonoeraod with the problems of internal inertia of high speed pumps, 
and minimisation of holdup volisae, 

a* Alternate types Considered, • Brief deseription is 
presented of the four aaln alternate types of positive displaoeaent 
ptaps which were studied for application in the purge c as ca de , Done 
of these www- finally chosen for the reasons noted below* 

(1) Shaker Pump, • The shaker pump. Investigated at 

e 

Massachusetts institute of Technology, showed early promise* It con¬ 
sisted of a loose piston inside a cylinder which oeolllated in an 
axial direction. The pump required no liquid lubrication, and no seals, 
since there wore no piston rods, but it did require flexible gas inlet 
and outlet connections* Shaker pisap development was abandoned when It 
was decided that the mazy problems involved would require an inordi¬ 
nately long time for solution* The interrelationship between piston 


woiffrt and stroke* speed* and work done made proper control far varying 
oondltlcmo quite difficult* Hie valve inertia probleo was also serious• 
(2) Paddle Ptrp* • Deei&i work in the paddle type 
machine mas done by the American Machine Defense Corporation (App* A) 
under subcontract with Coltsabla University* The pumps consisted of 
an oscillating paddle travelling on a carved cylinder* Hie paddle was 
mounted on external trun^ons* and the paddle rod eas sealed by a ne- 

w 

tallie bellows* The paddle did not have to rely upon pressure against 
cylinder malls for guidance* a large piston displaoeaent could be 
obtained with only small bellows deflection* and bellows life was long! 
but the unit was complex and required various bearings* cranks* oon* 
nesting rods* rockers* sto* The paddle was deformed by leans inertia 
forces* A great amount of develop men t work would have been required 
to adapt this pump to large eoale use* 

(5) Rotary Compressor* * The "Roots Blower” is a 
modified rotary compressor with exte r nal gears and bearings* and two 
figure ”8" impellers* Ho internal lubrioatlon is needed* elnoe there 
are no robbing surfaces* leakage is not objectionable throng the 
few thousandths of an inch clearance b e t w ee n ean and housing because 
pressures handled are generally low* The "ElliotWysholn" rotary 
compressor retains the advantages of the Roots type* but has greater 

efflelenoy booause compression is more nearly adiabatic* Helical 

0 

impellers are provided* and disobarge and inlet parts are at opposite 
ends of the easing* In thy 1944 the Elliott Company was asked to do* 
terrains the feasibility of a 800 cubic foot per minute model* That 
company proposed carbon oontnot* ballons-supported seals to be cooled 
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with nitrogen* Two seals were to be used at each end of the rotor* the 
spaoe between being filled with seal gas* Oil seals were to bo provided 
at the gear oaslngs* Further work on the rotary ocmpreseor wao die* 
continued in August 1944 because of auoh disadvantages as the require* 
sent of four seals* and the long tins necessary for a o cop lets develop* 
went* Furthermore* at this tins the status of reciprocating pur?) 
development was evidently satisfactory* 

(4) items tic Puap* * This type represented a develop* 
stent of a rod less piston ptnp without the defects of the shaker pur?* 

A magnetic piston* encased within a nom-taa^istlo* thin-walled cylinder* 
was mads to oscillate by means of an external msohanleally osolll&tsd 
electromagnet* The pump required neither seals nor flexible leads* 
important problems involved had to do with development of a suitable 
magnet* internal ltibrioatlon* and equalisation of magnetic side pull 
on the piston* In order to provide gas film lubrication* a rotary 


notion was given to the piston by adding a three phase induction motor 
section at the top of the piston* An experimental modol was built at 
the SAU laboratories in July 1942* using a magnet supplied by the 
General Electric Company* Tests showed that at 400 RPH Inertia foroes 
pulled the piston away fron the nagnst and earned it to strike the 
cylinder heads* Development was dieoentinusd* sinoo it was felt that 
the ptxnp was too massive in relation to its oapaoity* 



Tho 


reolprooatlng type pun? was ultimately chosen for use in the purge 


oasoads* Original development eas done by the American Machine Defense 


Corporation* and production wafi handled by the Vialloy Iron Works* 132 
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reoiprooating stage pumps are Installed in the purge oaseade. This pump 
posse feed advantages over the types mentioned shore in addition to the 
relative simplicity and ease of construction. The amount of develop* 
ment work required to work out the detailed design was considerably 
less than would have been required with one of the more specialised 
types. The entire pump design (Tig. 5) was vary greatly influenced 
by the type of seal chosen. 

(l) Seal. • A bellnrs type teal wag aeleoted. Other 

methods were oontidered suoh as the use of a long # straight* heavy-walled 

rubber tube. The only rubber whioh showed a possibility of being 

sufficiently resistant to attack was butyl rubber, but its mechanical 

properties were entirely uncatisfaotory. A oar boo seal was developed 

o 

whioh oalled fcr a staffing box of much simpler design than the bellows 
arrangement. The sealing material was oampounded from carbon and a 
special highly fluorinated organic polymer. The material was found tc 
be seriously subjeot to ohemio&l attack by prooesa gas. but might be 
suitable for use at concentrations below one mol per cent of UFg. 

Interest in the oarbon seal was greatly diminished when it was found 
that by reducing the design speed from 1000 to 760 KPM, the life of the 
bellows seal would be so greatly increased that seal replacement would 
no longer be a great problem. To insure a reasonable length of life, 
the stroke was limited to l/z of on inch per bellows unit. The maximum 
tolerable unsupported length of piston rod was taken as 24 inches, which 
allowed the use of six bellows units. The total pump stroke was there* 
fore set at two inches. To counteract the destructive forces set up by 
inertia waves, each bellows unit was arranged tc be independently 
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supported sad o one trained to txrvo a oerbuin distance by means of a 
pantograph or "Iesy Jaok"* To avoid the possibility of roaotion of 
process gets with oil* a fluorine ted oil (02144*) use used to lubri- 
oate the lasy Jack* The bellow wore cade of phosphor bronse# 

(•) Mwit • large vales area and light valve 
action sere required for satisfactory volume trio off loienoy* loaf 
valves sere chosen consisting of llftt shoot octal springs olamped at 
one and and operating over clotted valve parts* 

(8) Lahrloatlon* • Process gas serves as lubricant* 
To minimise leakage of gas past the piston* a clearance of 0*006 inohos 
see ehoeon and proved aatisfaotory* 

. Conditioning Puggs* • the conditioning pumps (Pig* 4) arc 

a 

ueed to oiroulate n i tarogsnwfluorino mixtures at elevated temperature 
throu^i the eo a ve r ters prior to Installation* Materials of construction 
suitable for prooees punpe were also ueed for the conditioning punpe* 
Conditioning gas is much lighter than prooees,gas* and a peripheral 
speed was required far in eocoess of that suitable for process pumps* 

Two stage lapollers sore necessary* both stages being equipped with 
diffusers* A rotary speed of 14*400 RPI! see specified* and speolal 
no tors core developed by ftestlnghouse for 8 phase* 240 eyele ourrent* 

A disc seal is provided* but since leakage requirements are less severe 
than with the process poops* only one rotary and two stationary discs 
were nsoessaxy* Tl£itn»sa was attained through the sane construction 
teohniqua used elsewhere at K»26# Bo lnlaakage was permissible, but 
out leakage specif ioat ions wore lose stringent than in the ease of 
prooeso pumps* The ptarns were manufactured by the Elliott Company* 
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' Coolant Pirr>6* • A pump is required to elroulate the 
special process ooolant* perflucrodizwthyloyolohexane* throu^i tho 
cooling systea of eaoh eln-etage ooll throughout tho proooas eesoade* 
About 700 aueh punps ora Installed in a Isos varying from 6 to 860 OPI! 
under heeds of 22 to 178 foot* Horsepower varies from 2 to 160* Since 
the coolant Is expensive* It Is Important to minimise Inve n tory end 
losses by leakage* The punp developed, (Fig* 6) la of the vertleal type# 
is m o un te d at the bottom of a surge draw *nd takes snotion dlreotly 
from the bottom head of the tank. Pump bearings are lubricated by the 
eoolent* The shaft passes up throu^i s tubs running to the top of the 
tank* A seal is placed at the upper end to prevent outlooksge of nitrogen 
maintained wider pressure in the top of the tank* The motor is moun ted 
on top of the tank* In this way no liquid eon be loot throu^i the seal 
except the small amount whloh ml^it vaporise Into the nitrogen* Wagner 
motors were used* and the pumps were manufhotured by Paoiflo Pumps* Xno* 
6-8* Process gas Paeuua Pangs* 

a* Requirements* • these pumps are for evacuating process 
gas from equipment prior to meintenencMW etc* Therefore* the by now 
familiar spoelfloatlon of no out leakage and very little Inleakage was 
necessary* Wh er ea s on ordinary vacuum punp possesses a leakage rate of 
about 60*000 mioron et&lo feet per hour* a rate of 1400 micron oubic 
feet per hour was the maximum permissible for a prooess gee vacuum punp* 
Welded oonstruotion and a speoial seal were neoessary* All orgonlo *e- 
tsriala were ruled out to prevent consumption of process gas* 

b* Development* • Early in 1044* lfellex and the Beaoh- 
Russ Company started development of a speoial rotary* oil-eealed msahonl- 





























oci vaoutsa punp for prooeoa pas* A magnetic oil lsvol indicator wuj 
developed to replaoe the conventional gloss eifjit ffiugc* The usual oast 
iron was replaosd by a material similar to SA^CS brenss# and by lor 
carbon steel* For easy aocsos to the pus? interior* voided vaown joints 
rare designed so that they could be nsohined or r s■welded with relative 
slnpliolty* A quadruple Shaft seal was provided# and special highly 
fluorine ted inert seal oil was used* F.leetrio heaters were Installed to 
ailntaln an elevated teaperature while the poops were not running# for 
the purpose of rsdusing lUbrloant visooslty# aa well as to prevent 
condensation of the prooees gas* Ho ws v e r * at stsady operating speed* 
beat g e ne ra te d is wore than sufficient to xacintoin proper lubricant 
viscosity and keep the proosss gas in the vapor stats* A cooling water 
system therefore bad to bo installed# and required a double vetal sepa¬ 
rating wall to elftniaate any possibility of water finding its way into 
the UPg stream* Copper tubing was wrapped around the shell of the pomp 
and soldered to obtain good heat transfer* Figure 6 shows the final 
design* 

5-9* Fluorine Vtown Punpa* - These pumps are for ovaeuating 
conditioning gas from proosss equipment* Requirements are similar to 
those for the proosss gu vaoutsa pnps exoept that the outlsakags 
epee if ioa t ions can be somewhat less severe* Work was undertaken early 
In 1944 by the P* J* Stokes ihohins Company to develop a special# rotary# 
oll«eoaled# moohanloal vaouum pump to handle fluorine* easiest and 
flange designs were completely revised to use alumlnun and "British 

Formula Rubber” • A rotary shaft seal was made up of materials resistant 

$ - 

to fluorine* Caotln.ro vers rigidly Inspected to elluimto a possiblo 


source of leakage due to porosity* As in the prooess gas vaouum pimps* 
a spooial ml oil ms used* requiring an elsotrio heating system* 

During operation# eater oooling ms required* This ms provided by means 
of o op per tubing in the oooling epaeo* 15olten lead ms oast around the 
soils* The lead provided the necessary double mil* and noted as a heat 
transfer medium* With the oil used* whioh oontalned considerable 
hydrogen* fluorine oonsroption ms high* This led to an inerease of 
oil viscosity* blackening of the oil* and oooasional burning of the pump 
valves* A series of tests ms run in the Eellex labor a tories* eiroulating 
mixtures threu<£> the puapc of six and t w enty per eent fluorine in 
nitrogen* On the basis of these tests* an operational proeodure ms 
outlined* controlling the fluorine ooooe n tratlon fed to the pump* an! 
the upper limit ms sst at ten per cent* This did not impose severe 
restriction* on the conditioning operations vfhioh involved the use of 
these props* The final design is shewn in Vlgtare T* 

6*10* High Vaotajp Pumps* • These pumps are used in oenaeotlon 
with caws spectrometer leek detection work (Far* M) to pimp equipment 
to high vacuum* They handle air* require no speolal materials* and 
present no speolal problems* However* they must moot speoifie require* 
smuts of high speed* hi$i oapaoity*and very high vaouum (10*® to 10*? no* 
of g oroury)* It is also required that oocw of these units be rugged but 
portable* In the system ehosen (Pig* 6)* the equipment to bo evacuated 
is connected to a "Primary Pump" (Pig* 0) which discharges to the 
"Booster Prop" (Pig* 10)* These are both oil diffusion mown pumps* 

The ftkB then floua into a meohanioal vaown punp vjhich is a Beaoh-Jluss 
rotary piston* Single stage* hiph vaouum* oil sealed unit* In order to 
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prevont oil vapor from diffusing or flowing book into tho spooe being 
evacuated, a refrigeratod vapor trap Is Installed ahead of the priumry 
punp* Bile trap la oooled by a Kestln^ouse seohanioal refrigerating 
unit* TO develop the oil diffusion praps, progress were Initiated at 
National Reaearoh Corporation, the ffestlnj^iouse Electric and Ifcnu* 
faeturing Corporation, Distillation Products, Ino*, and the Eel lex Bosh 
laboratories. The oil is heated electrically* Oil vapor rises in an 
inner ohanber, and Is directed downward, discharging throu£i two annular 
nestles into the epaoe between the inner ohanber and the shell* Copper 
oooling water tubing is wound around the shell and dlsaharge oosmaotlon 
to condense the oil vapor which then rune baok down Into the oil reser¬ 
voir* A fluid leg between the inner ohanber and shell walls prevents 
a baok flow of vapor* For use throughout the prooese and conditioning 
areas at X-25, a total of about 188 unite were finally ordered free 
Keetin^iouse in 2000 and 4000 cubic foot per minute sites* Six units 
were bought from National Reaearoh for use at the Kellex Jersey City 
toot Floor (Vol. 8) and in the laboratories* Five units were purchased 
from Distillation Products for use In testing valves being manufactured 
at the plant of the Crane Company (Vol* 8)* 
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6-1# encnal# • The usefulness and practicality of a production 
plant arc completely dependent upon 4 he proportion of poo Stive ocmtrol 
to which it is sub.Vm *■ t emulation of* process vt.rie.blec, constant 

knotlcdge of prc.cc^troon purity, • nd control of drsirod pgyolcai cr 
chord, ocl trwieforce.tion tubing piaco during tho course of the »-JVonent 
of r.aterial throuh a 8t<pp-wiso series of nrooc rising operations are 
princ requirements for effective plant operation# inctruracntation ie 
p-enerully orovidod first for tho purpose of dotorninin operating 
variaMoa and physics—chcrdcul proportions of the process stream, and 
aoooiul for the pun os e of controlling theee variables oithor rartually 
or a m tour ti rally* Superimposed upon the usual problorac Inherent in tJie 
planning, devolonmont, and operation of a workable eye ten of instrumen¬ 
tation, tV.cro is presented at the K-C6 plant & nmiber of unusual ro— 
quirenonte end conditions which necosBitH'-tod a vast oropjran of research 
and develop:iont including theoretical considerations, fornulatiar. of 
requirenents, adaptation of available devices, and oriinntion of new 
types to fit opecial needs# Anon;; the special oonditienc obtaining 
within the "«2& plant ray bo listed the following# 

1# V-xtencive noecl for dotonsinaticEi of proo-jss otrouni purity 
ci c groat ntny points# ?t ixlo doenc-a necessary to 
provide a nouns for continuous autor* tic detcmiaatioxi 
of the individual proportions ci* procoae diluents euch as 
nitrogen, o:yrcr>, and coolant, at leant at or.c point in 
every building of t. u r im in c-ccjac.:, t-j g—£7 ca^oedc., 



and the purge cascade, 

Sulxitnosphcrio pressure of the operatin:* proooss• This 
results In t!«s danger* present throughout the plant, of 
inlo&kbrc of afanbaphorlo air, an ooourrenoo which oacnot 
be tolerated* 

lllf+ily corrosive nature of the process mterial* Uranium 
hexafluoride reacts with glass, moot no tala, moisture, 
and organic mtorials. 

Pooeseity for lsotmpio assay testing* Instruments oapable 
of distinguishing between isotopes of a particular 
elonent are very for in msnbor, and to date havo had very 
infrequent application to Industrial problems of plant 
control* 

nature of the nil©—Ion- gaseous diffusion process* which 
is ultra-eonaitive to pressure waves and temperature 
variations* A continuous diffusional separation prooess 
demands a steady state. Pressure fluctuations, pushing 
disturbances, and similar variations set up isuvos and 
surges whioh cause nixing of streams and loss of sepa¬ 
rative production efficiency# 

Severe consequences of variation of operating conditions 
from predetermined values# An inlaakage of air or 
coolant at any one stage, for cjsuhpIo, produces stream 
contanlnation at that point, which begins immediately to 
be carried in both directions, tending to spread tlirou/h- 
out the vftalc cascade. ?;.ic o.'Ji result in reduced 


prod'jctlcrn oapacitv end serious damage to the dclio&te 
and w.luc.blc barrier eurf&ect* 

Tin. v~ct scope of the ine truaanta tier, phase of the K»£5 devolo ^ncat 
program, end the exceptional technical ©onnlcrity of the subject natter* 
preclude the preeontetion of noro than a iwrsiy description in the 
present vclm' 1 of the final method cf application of tho vurloic principles 
utilised* Accordingly, the reminder of this section atteente, for the 
twelve out*tendin’' d«rreloprrstc in gaseous diffusion plant inctnsacn- 
totion, to describe the principle of operation in aook ce.ee* the equip- 
ant design and arrangoaont finally chosen to take advantage of tide 
prlnoiple* end tho ultlrate method evolved for operating the assert;led 
unit* Ti<e nnjority of the devices doeerlbod be lew were developed and 
munufectured by collaboration of the hollex Corporation with tlic ficuoral 
f.lcctric Conpany (App* 1'76, T<77, FTC)* Considerablo work ms also done 
at the 5fS ! Laboratories. Othor fin as participating in the program wore 
the Iboro '^roducte Cotapany (App* D?6), the Baylor Instrument Company 
(App• T7D), and the Republic Flow ) ctcr Company (Apo* D00)# Bie work 
done by these last-waned eonoorno falls nost properly mder tho heading 
of ecuioamt design and procurement; discussion of this work is accordingly 
reserved for Volume S* I'd? more detailed troataent of particular aspects 
of the work on instru&rntr-tion* reference should bs rado to the Kellex 
Conpleid.cn Renort, Section III (10), to tho pertinent opera tin • nenuelr 
prepared by tho Kell ex Corporation (iheuo urn tabulated in Appendix CS 
of VbluTiC G), and to trainin'' nanualn of thr Carbide and Carbon Chaaioalt 
Corporation.* 
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of a rnsnber of tho noro nunercruE anc mrc inportur.t irxtruranr.tr, es¬ 
pecially dove.loped end en.-inoered to fit the particular and exactlap 
demands of tJie ceoous Diffusion )*roJoct# The Kcllcsc Corporation end 
the "tonerul floe trio Coeper^ worked out the deoi '71 and wtnufacturins 
procedures for file ©quirnia^t# Tue mas spec trace ter, or lta foro- 
rtrxners, hnv» boon know for about thirty years* The instruncr.t hac 
provided a powerful tool for workers In utordc ohysics, and hue recently 
been am lied to analytical problene in several fields such as the 
potrolem and synthetic rubor Indus tries • Unquestionably, its jpreatost 

application to dato has been to assay and production problem within 
K-25 and other projects of the ifcnhat+an District* Tfakln'’ account of 
the difference c in relative suss aoonj the varloias individual no locular 
or atacdo particles present in a casoouo nlrtur©* the racs spcctronoter 
is suited to isotopio as well as ohaialeal assay testing* since* by 
definition* it is this atonic racs which distinguishes t bo several 
isotopes of a civon element froaa one anothor* 

a* Historical Survey* - The origin of the mss spectre* 
Easter dates fron the year 1806* when ! * Ooldetcln first observed what 
were called "canal rays" (App* DIG). These were later found to consist 
of strenns of ionised particles, and arc. now known as positive ion rays* 
In 1890 TT* Yiion first succeeded in producing deflection of ion rays by 
neons of oloetrio and i®,'i»“tio fields (App* DCO)* Early wort: on dis¬ 
persion of positive ion bcune wac done in 1807 by J* J* Thomson (App* 
DICK))* later wort- by Thomson in 1915, involving studies of the behavior 
of li'-ht rases, enabloc! f. V,* Aston to announce the important disoovery 
cf tsr.-o separate isotopeE of noon* T« 1913 A* J* Dcspotc? (App* DlOl), 


developed e. dirwotion-<foc using technique for oosltlvo ray analysis, and 
in 1910 F* n, Aston (App, L’lOC) devised o velocity focusing r.ethod* In 
1933 Aston published ft oarrpreheasiv* text an the subject of boss spectre- 
graphy* fend described en instalment of advanced design (App, BIOS)* 

% 

V.'lthln tins Uanli&tton Lis trio t, tlw nuso spoctrooster reocivod vigorous 
and Intensive study and dovolopwmt chiefly under the direction of 
Dr* A* 0* C* Dior (App* C2'j) workln* first at the University of 
sota, and later for the Kellex Corporation* For an extensive historloal 
treatment of the invention, development* and application of the naae 
spectrometer, as sell as tho story of Its use on a gigantic production 
scale at the T»12 Project, the reader is roferrod to Boo’; V* 

b* Principle of Operation* • Several fundamental prineiplea 
ore combined to fora tho bails for tho operation of tho boss spoctro- 
actor* 

(X) Fowaition of Klee fcron teejao* • A boar, of hi fix 
velocity electrons sny bo foraod by enclosin’ within an evacuated space 
a hot filament and, at florae distance fron it, a positively Charged 
pl&to* Hie hot filanont will soedt electrons, whloh will be attracted 
to tho plate* The boon oan be accurately aliened by inn res e Inc a 
no-notic field in suob a my that its linos of force are parallel to 
the nath of the electron rayo* 

(2) Ionisation of oases* • A rapidly travelling 
electron strikin, a gaseous aoloeule T'osoossee the ability to dislodge 
one or wore electrons fron the hg rolocule, causing It to bcoacne a 
positively ohftrged ion* 

(3) Acceleration of ■ aioeouc Iona* • Positive ;aseou^ 













ions can b« accelerated and directed toward a lor potential tar ct by 
subjecting then to the influence? of c. hi;:h ctmn^tli electric field* 

(4) Pending of Ion Itr.ys • - horEtlly, the accelerated 
ions travel toward the tair t?t alon a rectilinear path parallel to the 
lines of force of the eleotrio field lsnoeod* However, if a m-matte 
field is superimposed with its line of force orient'd in a direction 
perrandicular to t)» natural path of the lone, it will tend to deflect 
then from their •tanairht line oath, and ok. use than to travel in circular 
arcs, the amount of deflection be in- greatest for those Ions of lowest 
case (Fir* 11)* That Is, the heavier lone will travel alon arcs of 
prenter radius of curvature* If tlvo ions wore pemitted to stride a 
tar-ot nail interposed approximately perpendicular to the direction of 
travel, it oan bo seen ttiat the noints at which lone of different mssoo 
strike would bo distinct freer, one another, and would be arrun-ed in the 
order of their respective relative masses* A moans is thus available 
for separating molecules of different woirhtn, and for oortine isotopes* 
(6) Dlscharpc of lone* - As the positive ions 
strike the relatively ncfutivo tar pet plate, they take up electrons, 
beoocinr electrioally neutral* This results In the attraction of noro 
electrons to the plate fron tJw orternal circuit, i*o*, flow of con¬ 
ventional electric current from the plate* The magnitude of the- curront 
produced will be in direct proportion to the mariner of ions discharged 
per unit tin:;* If conditions are so arr- nr f>d tliat only tlie ions of a 
Spooific mass anc allowed to roach this '’collector plate", moaourercont 
of the plate current will rivo an indication of the number of molecules 
of this particular ck.de* 
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(e) t)qo of nitoi - 

be arranged by shield in*' out til lours except those of the dociPoc Tfui-ht, 
A shield can bo inserted in front of the collector plato contelr.Inp e 
narrow slit at the focal point of lone of the specific mee doolrve. 

They naac tldnouph the olit and Gtriic tho collector plate-, while othere 
arc intereoptod by tJifi wall* Other clit arrun- onente oon be employed in 
the apparatus to orient, focus, and air. tho electron end ion hours« A 
striking analogy can bo drawn between tho ainin and foousinp of ion 
beans by slits, and tho sirdlar control of lipht beano by rices lenses. 
The optical analog/ is further strengthened, and visualisation of rocs 
spectrometer action aided, by ooeperin - the disporsion of e nixod boon 
of ions of ■various rossoc to the disporsion of a boon of white lipht 
Into its various oopponent wavclencths by a tries ruler pla.se prion as 
applied in the woll-knotan optioal 6 >ectron»ter, It is from this analogy 
that the nano ’’rose enectronotcr’* is derived, 

o. Com orient farts, • Refcrriny to Fi~urc 12 which shows 

a typical tnoctrtsoPter tube arranconont ac used in the "Lino recorder 1 ’ 
to be described bo low, the ’'source" end lc housed in a clue c envelope 
wf ioh is atteohed to the copper analysor tube by moans of a Kovar^-to- 
place soul, Bio tub in r surroundin the collector plate is nado of 
nlohol rather than corner to avoid the mention of octal on the 
insulation supporting the oolleotor load, A [x.a inlet and a l*c/b inch 
copper v&cuuti purr* load arc provided, foctienal druvda;.: "A/." chores thv 
filaia-nt F and electron oo line tor plate 7, The poles of an A lnico* 
ro/met arc placed as shown for the 'urpoce of accurately alipaiiip tie 
electron bee*., In the r.cXu drenir;-, tlr electron bee:-, crocs section. 




»-QUIPN\tNT SHOWN DOTTE-D. * ARGOM INLET. 



















is indioated an a heavy dot irr ed lately above tee slit in tee shield S« 

A series of slit plates, Jl* J2, J3, J5 # and 3 tro provided* in line 
tdte the oouroe* Jl and J2 are a op lit pair* and poreit bonding of* the 
been to one side or the other to compensate for lmnerfsotlo tb in align¬ 
ment* as well aa for the elicit bonding of the ion. bean produced by teo 
magnetic field used fbr aligning the electron bean# tee ronaiaSor of 
the plates form a "lens" white not only increases the intensity of tlic 
ion beam entering the magnetic analyser* but also prevents a dropping 
off of Ion Intensity for all but tee lowest energy ions* tee two plates 
marked 0 are grounded along with tee magnetic analyser housing to vhloh 
they are tied* 

d* Method of Poo* » The spootmaeter tube is oontlnuously 

evacuated by means of a diffusion puenp and moohanioal fore pxsan aystets* 

Sample fpc is ixxtrodueed Into the source base and ionised by the electron 

beam* An ion beam is formed and accelerated tJirough the analyser tube* 

The relative amount of a particular constituent is determined by 

measuring the collector plate current with accelerating voltage difference 

between teo positive electrode and the oollector plate so adjusted as to 

oause this oonotituont only to focuc on the slit In tee oollector plate 

shield* Selection of the component to be oo measured Is cade by suitable 
* 

regulation of accelerating voltage* einoo for a given magnetic field 
strength* t}<o curvature, of the pate followed by eeoh ionic species vill 
Increase as this volte no is lows rod* An alternate method of ion se¬ 
lection ooulo be worked cut based upon tee regulation of tho magnetio 
field strength* However* the first method is employed in moe speotro* 
meters at K-2U* Specific ft^plicatioRf. for instruments utilising tlx. 






























mass spectrometer principle are presented in the next three paragraphs. 

6-3. line Recorder. - Effective operation of the u-25 plant 
requires that the chemical composition of the process stream be knonn 
at all times and at many points. This is necessary in order to de¬ 
termine process conditions and to detect various types of leaks as soch 
after formation as possible. Continuous analyses are run primarily to 
detect an abnormal rats of inleakage as soon as it occurs so that if 
it is serious, immediate corrective action may be taken. The line 
recorder thus serves primarily to keep a continuous graphio record of 
the concentration of various contaminating gases, but also presents a 
means of cheeking cascade inventories. It ess developed by the instrument 
department of the Kellex Corporation with the cooperation of the General 
Electric Cocpany, who manufactured the units Installed In the plant. 

a. Principle of Operation. - The heart of the line 
recorder is e mass spectrometer of moderate resolving power. A number 
of accessory parts and auxiliary instruments are required, and were 
especially adapted for this service. The special principles involved 
in the operation of these items are described below. 

b. Component tarts. - The schematic flow diagram for the 
line recorder ie depicted in figure 13 (facing p. 6.8). The electrical 
connections are represented in Figure 14. figure 16 (facing p. 6.13) 

shows an isometric drawing of the complete assembly. 

\ . . 

(1) Maas Spectrometer. - The function and finally 
adapted fabricati9 u details of the mass spectrometer tube, or line 
recorder proper, have been described in Paragraph 6-2, and are depicted 
schematically in figure 12, facing page 6.7* 



(2) T-jrr-ni «• 3 ig rliar*i pn^o If actually a 

praoeure indlontlnr instruDcni, but lo used In the lir*« recorder to 
mnasura rate cf flat/ of the pas aar.;>3c entorin;* the Bpoctranc'ter tube, 
•Inoe firm’ rate wkL proeoure of the j^.e are interdependent, It ifl 

i 

busod it:* on the principle tliit, within the pressure ranee Involved, tlto 
rate of beet lose, and hanoo Use tconoifeturo, of e. heated vrirc, depend 


O 


upon the Tjryouurc of the curro\*ult:v; yx e« The twnpcniturc of the wire 
is neamarod by aottnr its clmnpe In eloctrlocl resistance, 

(8) AdjKjatoble hqeJt, • It la necessary to con taro 1 
the pe.e flow at the Inlot of tho tube rue’: beo&uD® tto opectrosaotor tidxJ 
is built to opera to r.t a Piifesi gape roudlr. of about 100 millivolts* 

Tb repulatc accurately tho oxtrtwaoly essxll flow required, a novel valve 
\n.is opeoSally drvioocl bnoan an the "odjuotublts look", ijs eiiown in 
fi’-uro IS, tin- [tts lo throttled by pasaa-e through a kix.11 annular 
speco the siso of which is deposition'.; upon the pressure on tlm leal: 
tube, till cl. is regulated by a cluiqp* A capillary tabu lo provided at 
<4iO er.tafejioc to tho l«f: in order to prevent offueiv.* fractionation 
and c'jnrv v of ccnpoolticn of SUo gw paaoia ; tiurvu t h the leak, lino 
Gdjhuste-blo look could rouuoo an atrjosnhorio supply pressure to 1,7 


cilllmct'-rs of nurcicy, 

(i) ChoalocJ • In order to prevent tube oon- 

tt-. 1 -Lnntic:'. by dcocsitiai uf tJT-, a ehadoui trap is provided to reaevt, 
e, runction v.-ith ixrcury, uifetixt; kasifluoridc fro?.* the ^u& sdxture 
enterin'" tic tulxj racl. before it enters tho e;: octrees tor tube, She 
trap io ehcvm 5a figure IS, Vorcury die tills I’m. Its reservoir and 
diffuse.' vhroo 'id.'. l/_ inch i.clcc u tv jiietecl tub e 
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entranoe and exit lines, respect!rely, for the gas to be analysed. Upon 
reaching the cold spot, the mercury condenses in sufficient quantities 
to reduce its pressure at this point to its usual value at the cold spot 
temperature. The condensed mercury then continues on, and reacts 
completely with the UF^ a short distance up the tube, Excessive 
quantities of distilled mercury nay drop back into the reservoir, together 
* with any reaction products ehich flake off the sails of the tube. To 
prevent these reaction products frost "poisoning 11 the mercury surface, 
the nickel tubing is extended belos the surface so that the region belos 
the holes in the tubes acts as a trap. The cold spot oonfines the reaction 
region, and limits the mercury pressure. To make oertain that the 
mercury does not oondense before reaching the cold spot, a warming fin 
is attached. This also prevents any excessive cooling of the reservoir, 
and assures ample floe of mercury to the cold spot. The low temperature 
of the cold spot is maintained on each of the two nickel tubes by 

moans of a copper finger submerged in s slush of trichlorethylene 

/ 

and dry ice. The closed tube shown in the figure, projecting vertically 
from the reservoir chamber, is the mercury charging line. 

(5) (Haas Trap. - Oases leaving the spectrometer 
tube pees through a glass trap lmursod in liquid nitrogen. The 
function of this trap is to fresse out mercury vapor which might find 
its way into the stream from the mercury diffusion pump. The trap also 
prevents the vapor pressure from interfering l° n 8*6® reading, 

and eliminatea the possiblility of mercury vapor entering the spectro¬ 


meter tube 













(6) Ionisation Cage* - An ion gage tube (Fig. 17) 
was adapted and manufactured by Distillation Products, Inc. It is 
connected to the glass trap inlet to measure the spectrometer tube 
pressure at the pump lead. It is set to shut itself and the spectrometer 
tube filament off in case of vacuum failure, so as to avoid burning out of 
a filament. It consists of a source of electrons which fall through a 
potential drop of 100 or more volts, and a means of collecting the 
positive ions formed from the gas by electron bombardment. The ions 
formed are oollected by the negative plate. The resultant plate current 
is measured} for a fixed electron emieeion, it ie proportional to the 

gas pressure. 

(7) lumping Equipment. - A two stage mercury 
diffusion pump is provided, having a capacity of six liters per second at 
a pressure of 10"^ millimeters of msrcury. It is backed by a mechanical 
fore pump, and an oil trap is inserted between the two pumps so that, in 
case of failure of the mechanical pump, its oil will not be drawn into 
the diffusion pump. Two thermocouple gages are provided to measure the 
fore vacuum. Similar to the IIrani gage, these are also "hot wire gages" 
and determine gas pressure from wire temperature, but instead of measuring 
the wire resistance, a thermocouple and mi111voltmeter are used to in¬ 
dicate the temperature of the wire directly. 

(8) High Voltage Supply. - 2500 volts direct current 

is required for the operation of the line recorder. 

(9) Control iancl, - The function of the control 
panel is to divide up the high voltage so that the proper accelerating 
voltage appears at the source. 
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. (10) r mission Ro,-*ulator* - An erdosion peculator is 

Included in then deal n to furnish voltnf-oo for tho remind or of the 
source, and to provide filownt ourront eo regulated t!nt tho totc.1 
emission recoins constant* 

(11) Argon System* • l'«ons wor© oririnalJ y provided 
tor in trod twin;; a smll Quantity of argon Into tlie pas stream as a call- 
bra ting pas to shoe any changes in sensitivity caused by aging of tho 
tube* this equipment is not used and is bein'* removed from tbs 11ns 
recorders* Standard 3Fg«aitregen sonnies are now used for calibration* 

(12) Amplification fiystan* • tho pre — nplifior and 
amplifier servo the Im po rtant function of roeasurln;- the Ion current* 
Currents as low as 10“’1& amperes can bo brou -ht within a measurable 
range by tho use of this apparatus* The art^llf ior consists essentially 
of a vacuum tubo voltmeter with a hi#i rosistanoo grid circuit* 

(IS) Voltage Stabiliser* tho voltaic stabiliser is 
a oacteroial stabilising unit which is Intended to smooth out fluctuations 
in tho 11C volt alternatin • ourront obtained from the tnlnsj uno of Oiie 
device tabes It possible to simplify the, design of thu other accessories* 

(14) Rcoordor* - Jhs recorder noolianism snitohea the 
spec tr o not er tti >3 voltapoo to the required v* lus for each ion to bo 
tunasurod, soleots the sensitivity of the amplifier# and records t!w 
individual corponont ocncontmtiouD in temp of azpliflod plate currents* 
by tsane of a hoods and Kortltn^i recording pctonticonoter* Sc various 
diluent ooneontrutiona arc Hiuq cssonined in a prearranged cud continuously 
repeated sequence* Tito result is a set of ourvee vhioh graphically 
portray tho tino-vnriation of each oarponcnt* 


c, Ucthod of Uco, • ifert o^ the dlsc v i&r"r> from tho A 
punp o p tho cixth eterc of tJjc coll bcinr monitored is circulated oor:«» 
tinuously to the ope re tin,floor through <>. hooted manifold and returned 
tc tho suction of tho seme bunp* About treo cubic oentJjcctore (or 40 
nllli'Tonc) nor day of UFg lc blod to the e:>oc trcnactcr tube by tMXxao of 
the adjustable leek, lho ttfce op ere. tee at 10“^- 10”^ millimeters of 
ccroury* Tim total f lov rate of gas entering the tube reck is measured 
by moans of the PIrani -are# tFg is chcrsloelly ro moved frota the stream 
before it reaches the spectrometer tube, and residual ms no are measured 
by moons of the spectrometer* Sixteen points arc included cm tho 
printing derica which operates on a 6*4 minute eyolo, All cTon-cnrfcorod 
points rooord tho concentration of nitrogen, which Is ordinarily the 
moot preponderant and most important diluent* Points 1 and 9 record 
oxygen concentration* and point 6 piven an Indio*..tion of the presence of 
I$rdro~en fluoride. It is not possible to measure the latter coxyionunt 
acouratoly since much of it is pre-ab sorbed by the ohusdoul trap before 
the sample stream readies t5>e epectroianter tubo* However, slnoc a portion 
pas sec on through tho tmp, a qualitative indication of ltc presence it 
possible* Point 16 records coolant, perfluorodlnethyloyololMsnano* Ir» 
this case, ions of race CO arc deterninod. In oilier v?orda, Ins toed of 
mere lose of on oloc tron, the CgFj^ (molecular weight 400) lonisoc by 
oloavago of the molecule. Point X6 reoordc the oertlined eaioentr*.tion 
of carbor. dicDcido and nitrous axldo, which nay find their way into the 
process stream by way of leaks in various procooc refrigerant syntax 
(Vcl, 5), The instrument cannot distinguish between COj. and KgO since 
they ha vs Identical ionic waseca, namely 44, Points E and 11 an uo**d 

c,y 



to chock the J’iranl gage sample flow reading# and point 7 provides for 
an Amplifier instrument sero cheak« UFg conoentmtion is determined by 
difference, As an inherent consequence of a method utills in r subtraction 
of quantities# the accuracy of DFg determination drops sharply if the 
line recorder is used where the anoints of nitrogen or other diluents 
are large, since a one per cent error is nosalble in e&oh spectrometer 
roadinr* UFg cannot be effectively dote reined where its concentration 
Is as low as two per cent* The UFg content cannot be measured directly 
in the lino recorder since decomposition of the hexafluoride sharply 
Units the life of the tube* A special rack is be in* developed at this 
writing* and is applicable when UFg concentration 1c so low as to cause 
serious error in the difference method# In this device the chemical trap . 
is oedttadf UPg and hydrogen fluoride are determined directly* Tbo 
useful life Is subject to limitation by dacoopositlon and corrosion* 

Tfco line record ore aro installed in each proocco or purge building In 
K-26 and K-C7* A oopper tubing manifold system, is provided so that 
either lino recorder in a given buildin - may be waived to any cell in 
that building* One is usually connected to the top aotdve cell so as to 
monitor tho lnleakago to tlic building* this is oalled the "principal 1 * 
lino recorder and actuates a corresponding "slave" rooorder in the central 
control room* In this room a survey is continuously available of process 
stream composition throughout tho cascade* The line rooorder is very 
flexible j frequency of' analysis# oontaminants analysed# range# and 
procioion can all be varied as desired* For non-routine work tho recorder 
pro "ran can bo changed to analyse for different components, or to givo 
mnro frequent a-ialyoos of a epocific oo»:onent* This is dono# for 


C*l& 



emuqplc,whon It is desired to test for loako with carbon dices ids as a 
probe ‘’as# Such a method tec been developed as an alternate to tho 
original vacuum testing procedure (rar# f*-4) v-bloh requires shutting 
down# evactmting# and repeatedly purging the coll In question until it 
lo free of prooeso pas, and them probin- with holiua# The carbon dioxide 
method portdte probing of suspected areas without shuttin down the cell# 
and while it ie in full prooess operation# utilising the line recorder 
to indicate penetration of probe gas through a leak in the system# 

J 

instead of a portable lead detootor spectrometer# The method effeota a 
great saving in the amount of prooess interruption timef the oell is not 
taken off stream for leak repair until all the preliminary work of leak 
looation has been aoopletod# 

6*4# Leak Detector# • All previously existing methods for leak 
detection# suoh as soap bubble testing and rate-of«^ro6*ur®-ohanpe 
methods# woro completely unsuitable for use In K-25 equipment tooting# 

It was very important to oonooive and develop a radically now method 
Which would bo very accurate# very rapid# and capable of disclosing 
extremely avail leaks# Early in 1944# experts on vacuum toehnolory wore 
called in to review the K-25 vacuum program# Kepresentetires from the 
kmerel Elootrio Coeqpazy# the Kbstinghouee Moo trie and Itmufacturlng 
Company# the Rational Research Corporation# and tlic Manhattan District 
attended a two-day oonferonoc# at which tire it was generally agreed 

tlat the Kg Ilex deairn fenturoo wore sound# and that the proposed 

0 

testing tcolmiqueo wore bettor than any previously known methods# Bio 
problem me finally solved by development of a method involvinr- the use 
of a probe pus and race spectrometer detector# Heiiir; war. ohoeon ao 
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the probe gas because of its non-toxic nature, and extremely low mole¬ 
cular weight, which makes it very suitable for use where ease of pene¬ 
tration through small openings is desired. Furthermore, there is no 
possibility of clouding of test data because of traces of helium arising 
from other sources and existing in the equipment or ambient atmosphere. 

a* Principle of Operation. - The mass spectrometer 
principle is used in the detector, which registers the existence of 
helium within evacuated equipment under test, when a stream of that gas 
is played externally upon an area containing a leak. 

iJ 

b. Componat Parts. - The heart of the apparatus is a 
portable mass spectrometer. Auxiliaries include principally a high 
speed vacuum pumping system (Par. 5-10) and a source of helium gas, 

e. Method of Use, - The leak detector may be considered 
as an ionisation gaga (Par. 6-3b (6)) modified so as to act as a "partial 
pressure gage 1 !, since, in effect, it measures the partial pressure due 
to helium instead of the total gas pressure. It is adjusted so as to 
analyse for mass 4* the helium ion. The equipment under test is eon- * 
tinuously exhausted at high vacuum. Ambient air leaks in continuously 
through any lsaks which may exist, but this has no offset on ths 
instrument reading. Qua operator plays a stream of helium system¬ 
atically over the surface of the equipment, and when the stream strikes 
a leak, helium penetrates into the apparatus and is swept toward the 
vacuum pump. A small sample of this stream is bled continuously through 
the spectrometer tube, and when helium enters, its ions are deflected so 
as to strike the collector plate, producing a plats current reading which 
la noted by a second operator. The location of the leak is then de- 
ter artn afl as kite point currently being prob.d. The leak detector can 
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analyse for one pert of hollun in 200*000| it* our therefore deteot c 
lock of on® micron cubic foot per liour in r. typical cascade ©all* The 
cm lie at detectable lock ic 0*01 nieron oubic foot per hour* I/ZOOO cl' 
the total lnleokape oan be do toe tod eo a single leek* The else of o 
do too tod lock con be estimated witliin about fifty per cant* Accuracy 
down to five por cent mi'ht be obtained if the nooooocry acre were 
Justiflod by tho need# Tho presaneo of Ulg or lydro/jKi fluoride in the 
evacuated system will denote the look detector* so that equipment to bo 
tooted suit first bo thoroughly pur rod* Over 200 of these Ins trumen ts 
hevo been used et K-26, primorlly during the period when newly- installed 
oquipnont was belnr prepared sad tested for proeoss use* 

6«5* Assay tfcohlns* - The purpose of the essay machine is to 
dote mine tJio isotopic composition of the ur&nitta eontained in prooeso 
pas samples (App* D54)* A saopls instrument was developed at the New 
York laboratory of tho Kcllox Corporation and turned over to the General 
bloc trio Company to serve as a model for nanufaoturln ; additional 
aochinoa, A cooperative development propren ms mdertaken by Kollos* 
SAT laboratories of Columbia University* and tho Carbide and Carbon 
Chord.cals Corporation* 

a* Pricolple of Oporation, - The instrtmmt in an 
adaptation of the mss spectrometer In wliich oolleetor plates arc 
positioned to receive ion boorc cor respond in,- to (macs SSO)* end 

U* 3j Vg (tacos 355 )j respectively, ttic ratio of the oorreouondin; ion 
ourronts is measured by noons of an electronic bridre potentiometer# 

Tho lnotopio assay of the soc^lo oan be cornu tod by ooOT->crleX or - of th5.c 
ratio with that fro:: a standard fiiuqtlo* At hi$i asacy vulucti* tho 




iaotoplo ratio my be determined directly f rots the iaa«eurrent ratio 
without reference to a standard* 

b# CocrKneat Parts* • Hr? assay mohlno oonsists of a 
mss fneotirometer and the corresponding aooessorlea* suoh as adjustable 
leek* punning equipment* oapllfylng and recording apparatus* No ehen&ool 
trap similar to tint mod in the line recorder is used* since In tills 
instrument^ tiie UFg moleculoc thooDolvcs are simplied to the spectrometer 
for ionisation and analyses* 

a* Msthod of ttia* • Two field laboratories, each containing 
two assay cachines* are located respectively at the top and botton of the 
min oasoada* They are used to determine tho effootdvwneso of separation 
of U-ESC and U-SSG* and to cheek overall plant efficiency* Samples for 
assay are taken from a olroulatiaa loop In series with tits line reoordsr 
mnifold* the assay machine Is undamaged by the presence of light pas 
impurities in the sasple ?nt the hemfluorlde oauses gradual deterioration 
of the souroe# whioh must be periodically replaced* Contaminating coolant* 
CgFyjt interferes with the assay determination since It forms , an ion of 
mss 581* which Is of the scuas order of mmltude as the ions to be 
determined* The greatest source of inaoeuraoy in assay machine da¬ 
te rml nations Is tho "memory effect” tdiloh oauses a lowNxsoay sample to be 
erroneously reported when it Immediately follows a hifji assay sample* 

The error so Induood is less than ten per eont of the assay difference 
between suooossivo samples* and is minimised by uao of calibration 
standards differing only slightly from tho sacpected prooeso analyses* 
Standards oro usually available within five per eont of ai^r unknown, so 
that the assay mehinc should be accurate within 0*6 per Ocat* Hie 


precision of repeated measurements la 0.6 par cent, Primary standards 
of calibration are not known with certainty cloaer than plua or Minus 
three per cent; the resulta of low assay analysis are therefore relative. 
Using three operators for the two machines in each laboratory, seven 
minutes are required for assay determination from the start of sampling 

« a 

to the computation of results; At present, downtime for maintenance 
averages forty per cent of total operating time; continued improvement 
is expected in this situation as better techniques are developed. 

6-6. fission Counter. - The fission method of isotopic analysis 

of uranium was proposed by the Columbia investigators, Dunning, Booth, 

and Von Orosse (App. D55)« for the development work at the SAM labors* 

tories (App. D$6) a gram of radium was obtained on 19 November 1943* This 

sws used to prepare the source of neutrons needed for the test apparatuSj 

which was completed in January 1944# and shipped to the Clinton Engineer 

Works for use in the K-25 plant. As with the assay maohine, the purpose 

of the gas fission-counter, the so-called "Little Gene Mod#l n , is to. 

analyse a sample of process gas so as to measure the concentration of 

desired U-235 isotope. However, the fission counter is not used to 

analyse K-25 product; instead, two of these instruments are installed 

in the K-27 cascade for the purpose of measuring the amount of light 

isotope remaining in the tails stream leaving the plant. 

a. Principle of Operation. - The method takes advantage 

of the tendency possessed by U-235 but not U-238 atoms-, to undergo 

0 

fission when bombarded by neutrons of proper kinetic energy, k spurt 
of positive ions resulting from an induced fission reaotion can be 
repelled by a high potential platea grounded collector electrode. 
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ttiie in turn causes a, rjonontary flow of electric current fron tlw col¬ 
lector plate which, after suitable ars-lif ioation, o&n be detected fend 
ind lotted by a mechanical corn ter* Since the nua£>or of fission cron tc 
per unit of tiiao will increase with tiw concentration of U-23G in the 
•arT'le, the mirror of loa burets will be proportional to tho isotopic 
concentration which it is desired to measure* 
b« Component ‘arts* 

(1) Signal Can Stand* • The stationary stand (Fir;* 

19) consists of an outer block of lead, and an inner layer of petrolatum* 
A neutron source is provided, consisting of one tt. of radium nixoc’ 
with berylliisa# Pi© source assembly fits into a hole in the lead block 
adj&oant to a container for the fission ohcu&cr* A string method 1 b 
provided for lcmrerin • or lifting it from the well without touching it* 

A quantity of hydrogenous material, such as luoito, is inserted into 
the well directly over the source* The fission ohanber, or signal oan 
proper, is mdo up of a chamber, suitable electrodes, and a freoso- 
out tube or "snout*, which maintains the pressure of the process pus 
sanple at a constant value equal to tho mpor pressure of IFg at the 
tencpomtiurc of an loo water both placed around the tube* The top assembly 
of the ion it in;- chamber conflicts of a block of lead and a block of luoite 
through which aro run the p&c line and electrical connections to tho 
fission clamber# The preamplifier box roots on a rubber rat or: top cf 
th© stand* Figuro 19 shorn; a simplified crosc section of the ei. nal 
oar. aneenbly* The signal can stand is fitted with four inoheo of 
protective lead on th© sides of the radium pocket, and two incliec o 
lend at tho ton *u3 bottom.# Tin* inner layer of petrolatum servos ac a 
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neutron notlerator* Tn* total weight of • > .hc aneenibly ic about 1COO pounds 

(2) Electrical AxoclllrirloK# - Figure £0 shews 

SohesiAtically th« notiiod of connectin' thf ^riouc electrical auxiliaries 

A high gain alternating current arpllf ior noncl steps up the intensity 

of the fission pulses* A level setter panel is provided to out out all 

electrical pulses bolovr a specified voltage level# Tho purpose of t!iie 

accessory ic to allow only those pulses to register which are duo to 
•f" 

fission (^hoso are of a much higher te>ltapc lovcl^), since it is not 
desired to oount pulses due to ordinary non-fission radioactive doaay# 
fiie necessary hifii and low volte re panels are also provided# 

(8) Scaling Circuit# • The purpose of the scaling 
circuit is to provide a noons of scaling down, or dividing tho rate at 
which -nulees arc fed to tho mechanical cotxrfccr, so that tho relatively 
slow tins response of the counter will not llralt tho re to of pulse 
counting possible# Scale factors of 2, 4# 8, 1C, 52, C4, and 120 are 

x. 

available* 

(4) Counter and Tlncr# «. The timer autcoatlcally 
cuts off the sealing circuit when a pro-eot tiro interval has elapaod# 

A rather large tine intorvt-1 is required sino« thr-occurrence of fission 
ic a statistically randan ©vent# In practice, tho timer ordinarily is 
sot to cut off after a run of ei/ht rdrutoe. 

(C) . Sorellnr lfanifolfr Control Sack# - fills servos 
to introduce into tho si’-nal can a prooooc rac sample from tlio line 
reoorder ranifold, or a standard sarrlo for purposes of calibration# 

It is also used to ovaotnte the signal can# 

c# ‘bfchod of Ueo* •• SJ*> oi1 can chamber ir> evacuated 


to five microns or less, and thon cJjnrgod with prooecc gas to a pressure 
of ID to 18 millimeters of mercury# A small amount of tho material is 
frosen denm in tlic snout, by touching with a thin slush of dry ioo and 
trichlore thy lone so as to produce a pros sure In the oen of 17# 6 nilli- 
meters# A thornoe flask of loo water is tho.n plaood around tl.c frooso- 
out tube# and the pressure in the signal can is c ont r o lled to plus or 
minus 0*002 p*s*i#a* Boutrono are emitted by the beryllium of the 
•ouroe as a result of its Ince s sa n t bombardment by alpha radiation from 
the radium# The velocity of thosa neutrons is moderated, by pasBag© 
throu^i the petrolatum#. to a mine suitable for causin'* fission In the 
U-235 atone bombarded within the sample container# The counter is set 
to aero# the timer adjusted for tho interval desired# tho scale footer 
so loo ted# and the timer started# Unless the counter begins to register 
at about one to two counts per second# it is stoppod# and the scale 
factor changed# The oountor is read after each of a series of eight 
minute runs# Tho ice water bath is remov e d after fim runs# the -voltage 
shut off# and the signal can amounted# The instrument has an accuracy of 
about 0*5 per oent# High oonoentmtione of UFg result in tine deposition 
of fissionable material on tho Internal surfaces of the oan# This 
deposit causes a ’’background” signal which is cuporimposed upon the 
si goal being counted# T!xo background ic tliorofcro cheol®d regularly 
and applied as a correction to all readings* 

6-7# Spaoo Recorder# - Tho problem of analysing tlun gua in t!*> 
purge oasoade is complicated by tho fact tiiat tho composition mriec 
greatly from ore ond of thie section to the other between the limits 
of nearly' pure uranJurs hexafluoride and nearly pure nitrogen* ’Hie line- 



recorder is doolTtiod to analyse prooono ,-tio containin' relatively src.ll 
anoints of irpuritios* To supplement ti;c uco of tJio line rooordcr in 
the T>urre oncae.de, it beoano necessary to dovolo > an instrument which 
was termed thn "space rooordor% Its purpose is to plve aocuruto 
indications of very low oonoontratdons to permit oontrol of the 
pur ye rate, end to check lose of hi -Ji essay product to the euton traps* 
c, Principle of Operation* • lirunlui is a naturally 
radioactive dement* Fooh of Its three isotopes wdercoes radioactive 
dleintepratian at a spontaneous and distinct rate, cod result of whioh 
is tho omission of hiph enercy alpha particles. If a eac^le of process 
ffus is admitted to a test oharibor equipped for aoasurin^ the total rate 
of alpha partiole col so ion, t'&o result obtained will depend on both tlie 
total amour it of uranium contained in the sample, and Its relative 
distribution anonr: the throe natural isotopic forms* U-234, D-E36, and 
r-238. The space recorder effects a measurement of total alpha emission, 
and in order to oonvnrt tills quantity to a figure which will ezpross the 
oonemtration of PTq in tiio diluent-conialnin- process stream, it is 
neoeescry to lmcr* tlw isotopic constitution, of the K'g pros on t* the 

individual rate of radioactive docey e^iibitod by each isotope* The 
aotual open.•‘ion of the space rooordor (i*e„ th* raoeaurcaant of total 
alpha radiation) defends up.r. tl-.c principle cf pas ionisation* 
velocity alpha particles oollldlnr with as molecules, ionise tJu) latter, 
oauainr: thorn to bocono positively diar.ac.* Tiio lone can be repelled 
V’ e positive • rid and attracted to a necativi; wiro, where they beoonc 
discharged by tsifcinr up electrons* The result is a flow of electric 
ourrent from th • oclltetor wire which is proportional to the nur-ibor ecT 
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Iona formed, and therefore* to the number of alnha perticlf.c emitted by 
the uranium in tho sample* The ion current reading takon fron tho 
recording instrument oon bo oonrerted into par oent I.~’g nroeont in tho 
gas sarnie by multiplying by a factor which, for a given tet^eraturs, la 
a function only of tte isotopic constitution of the uranium in the 
procees nan* It is Interesting to note that the t*-C34 isotope nit ye t 
dominant role in dcterainln- this ooxrvcr3ion fanfcor* ru>1^thatzinding 
the fact that It is present in the total uranium to such a relatively 
minor e x t en t (c*g*j 0*006 atom per cent in normal feed material ae 
against 0*714 per oent for 0-235* and 08*20 nor oont for tf-238)* Tide 
Is due principally to the fact that the radioactive deoey oonetant* for 
0-234 is about 2000 times that of U-2SG* and about 20*000 times that 
of TJ-2S8* itirthernoro, at the top of tho min cascade* or in the puree 
cascade whore the space recorders are used* tho uranium is highly 
enriched in concentration of both t3is ll^ht isotopes* Thus U-234* being 
glifhtly lirhtor tan U-235* will enrich at least as uuoh as the latter* 
durin- the course of its progress from the feed point to the top of tl«3 
cascade* As a result* tho alpha particles emitted by tho U-234* make up 
the vast majority of all the aloha mdiation present* Finally* the 
marker of ions produced nor alpha particle emitted by 11-234* is of tho 
sawn orfer of magnitude as for the other lsoto; os* and in fact somsohat 
pronter: 13C,030* 

b* Cocponont Parte* 

(1) SjpDftl Can* - Tho sirpal can (Fig* 21) Is an 
ionisation ohamher with an internal diameter of t»n. Ive inches and an 
inside length of twenty-four inches* Jieac.va'c of iiu corroeivo nature cf 



TFg, «nd the oonsequont danger of ft high brvok'-round* all mntul eurfacos 
arc of nickel, and a special fluorocarbon plastic (JT*!'-10*) is used ac 
ftn insulator* The oollftotcr wire, 0*025 inchoo in dlamoter, is mounted 
along the axis of the oun, and oonneots to the p re« cu gpllfler mounted on 
the oover of the oan # after passing through a vacuum tight disk* This 
disk has ton oonoontrio grooveo out along its inner surface in order to 
increase the eleotrlocl leakage path# A (prid structuro consisting, of a 
cylindrical case eight inches in diameter end twenty-four inches in 
length is noun tod concentrically with the collector wire* It is node 
of nickel screen formed from 0*0031 inch dlamoter wire# and has a one 
laeh mesh spacing* The eon is held at ground potential* the oollootor 
wire at a few rdllivolto* and the grid at several hundred volts* Thus 
all positive lens formed within the grid structure are drawn to the 
central collector wire* All internal parts are attached to the cove r of 
the signal can which is gosketod with an aluminum seal* 

(S) Aooessory Items* «* The oollootor current passes 
through a prs-oizpllflor* thence to an output motor* and to a single 
point Leeds and Korthrup recording potentiometer* It is equipped with 
alarm contacts and an extra slide wire for operation of a remote recordor* 
Tec sorles-oonnected syln)ion»eeal©d puc^o raise the pressure fron the 
process strain value of about 2 p*s*l*a** to 10 p*s*i*a* A rectifier 
and voltage regulator oro providod for maintaining the grid structure at 
a positive potential of either 800 or 750 volts* A filter is also 
In eluded to minimise fluctuations* 

o* Totliod of Use* «* TWo space record ore are pjwvided in 
each of tlic tliroe build in ga of the purge ooea.de* An additional slave* 


recorder for eadh purge buildln.r reproduoos tho readings at tivo oontarel 
oontrc-l roon* Sample res io taken continuoi^ly from the- linn rooordor 
manifold* caenprcaaod to 10 p*s*l#a** passed through the Ionisation 
oharfoer, and returned to tho process stream* Readings are recorded 

0 

periodically« Hie accuracy of tiie space rooordor Is on tho order of 
fire per oent of the eulue reported* It oan detect the oreoonoo of mol 
fraction* of UPq in nitrogen or other gas mixtures ae low as 10“^# Its 
upper limit is set by tho radioactive contamination produced in the 
signal oan by high concentrations of uranium hexafluoride* If tho 
instrument is o leaned frequently to minimise tills baokfjromd effect* 
concentrations as high as 50 mol per oent eon bo r-andled# but. it is 
' normally used only an gas samples containing low percentages of UTg* 
Under favorable conditions (low background and high assay of U-255 
isotope)* the space recorder oan detect one part of UFg In 10*000*000* 
6-6* Thermal Conductance Pell* •> Tlie therral conductance cell 
is another devioe for measuring the amount of light components in 


rdxturos of UFg* nitrogen* and oxygon* The mite were designed and 
constructod by the Kelleoc Corporation* They arc of relativoly simple 


and in«pensive^e**irt'v 





The thoreal conductance oell 


is based upon tho principle that on electric currant leasing through & 


wire ineroases its teeporeturo* and that the dlffcranoo in temperature 


botsroon the wire and tho i surrounding It roaches an equilibria mluo 
which is dependent on the raturo (and therefore the percentage oano* 
sit ion) of tho gas# Since electrical rosiet&noo of tho wire is a function 


of its temperature* measurement of this roaintoner by laoauG of a TThout- 
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stone bridge urmn^oont rives an Indication of the temperature of the 
wire, and tlicrcforo of tho ooncontrutian of light diluents in the process 

b# Component Farts# *» ?ho therml oonducte.no© oell (Fig* 

22) ic oanetruotod from a cylindrical block of Lionel metal three inolvoe 
in dlRjrwrter by oirht inches Ion," with two ho loo drillod for insertion of 
wire f IJansntc, The cavity containin' the shortor filament, whioh io 
used as a compensator, is sealed off with air at atmospheric pressure# 

A double seal is provided for tho second filament which is enclosed In 
tho prooess pis to be analysed# Plastic coals arc used, and held in 
place by brass ring*}# These serve the double purpose of forming a vacuum 
tight connection, end electrically insula tine the fi lament a from the 
metal block# Hie cell block is inserted in a bearing brozuse support 
which measures three inches in outer diameter and 8»l/3 inches In length, 
and contains four holes for oartrid gc hooters and a mercury thermostat# 
Tho other oleotrioal bridge connections arc also noun tod on the cell 
block# They aro mde of Man,-an in wire wound on bake lit? spools# Bw 
unit has a protective oylindrioal oevor, and is thermally insulated with 
Go per oont nmgnoeia pipe covering material# A so lf-ba lane in g potontlo* 
actor io used to measure bride unbalance, in conjunction with a Leeds 
and Korthrup licromox strip dart reoordor# 

o# Method of Use# ** Tho thcrral conduotanoe cell is used 
to monitor tho purr® rate in a normal buildinr which Is used as a top 
pur re building durinr a snlit cascade condition# A cample of process pae 
ic fed continuously through the unit, and an automatic reading io printed 
periodically on tho moving cJiurt# Tic Instrument hac an accuracy &n< ^ 
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reproducibility of one nol nor oont* When proporly oallbrutod, it con 
be used J oo distinguish between any too components, or groups of components, 
with widely different thermal conductivity, Cells in use arc oalibrutod 
for HFg vs* ojqrgetwii tropin mixture, The usual ranro of the instrument 
is froia 0 to 100 per oent of diluents, vith an aocuracy of ono tool per 
oent throughout the ran^e* lhe relative error involved is therefore 
least at hippiest oonoentrutiono, 

&-&, Aeoustlo flhs Analyser* - The function of the acoustic fpLS 

analyser, which is used in the pur re oasaade, is to determine, indicate, 

and record the volurnotrle concentration of light diluents in the prooess 

stream, and to actuate a control noohanism so as to prevent overloading 

of tii© purge cells boonuse of increased HFg concentration in the prooess 

stroam being fed to a purr© building, Ihe inetruacmt was first lavostl* 

rated by tho Kellez Corporation! later development and nanufaeturo were 

handled by tl» General E loo trio Carqmry* 

a. Principle of Operation, • The natural frequency of an 

aoouetlo resonator la a function of the physioal properties of the gas 

contained within tho resonating chamber, Visualising a cylinder with 

a metallic) diaphrapp at eaoh end, it is possible to excite ono of tho 

diaphragms by moans of an ad jaoent alternating ourrmt oleotronagnot. 

Vibration of tills diaphragm will then sot vr> sound waves which travel 

along the cylinder and set the second diaphrufju in taotlon. This 

* 

diaphragm oan then bo mde to induce u voltage in a second electro* 
magnetic ooil placed adjaoent to it. The sound intensity, and hence 
the voltage induced In tho sooond ooil, is greatest at the natural 
frequency of rosonanco of tJie oliaxhor, TTlion tho roooivor and driver 
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oolle arc connected respectively to the input and output tonainals of 
an electric arvilifier, th<- cccri;5mtior.j u-sder propor conditions,becanon 
eolf-oscillutin at tho natural froquonoy cf rcuomnco of U» gas 

oolucci* 

b, Coripone- it - :, urtc, 

(1) Prlrr-ry -rigrant, - r?of erring to Figure 23, the 
prirwy ole .ont consists of a resonance tube oontaining a dlaphrum at 
each end* Bolilnd each diaphregn, there is providod an oloctrcragnotlc 
pole structure* Uio olootr oc amot ooS.lo are known as the "driver coil” 
and "receiver ooil"^ respectively* The diaphragms ere n&^cxotiauUy 
oounled to tho pole structures, an/! between «aoh diaphragm and its pole 
tip there is piaoed a rigid isolating plate which confines the gas 
mixture to the resonance clmsber and the scull space between tho dia¬ 
phragm and isolating plate* One diaohram is excited elootrom T-otloally 
by tho driver coil, and is caused to send out sound waves trfdoh travel 
through tiio cylindrical chamber containin ' tho f%a to bo analysed, 
strike the second diaphragm, and cause It to vibrate. The vibration of 
this second membrane tiwn lnduooc a voltage in tiK? rooeivar ooll* Die 
temperature of the gas mixture in the resonance tube is controlled by 
a hoator am! thermostat, wJtioh foran cart of the primary element, Th® 
heat exchanger consists of several turns of tubing enbodded in an 
aluminum shell oabt around the resonance cylinder, 

(2) Aoooasory Parte, - Tno oleotrlo signal produced 
In tho receiver coll is sent to a modulator whioh also receives u • 

standard roferonoo frequency signal from t tuning fort: oscillator, Bio 
diffcrosicr' in ISiese tv/> froqiwiioicr naooci. through u modulator, through 
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(i filter* and isirouph a vacuum tube frequency doubler* and le then fed 
into o. frequency motor which producer c. direct current voltr-ge pro- 
port! oral to the difference in frequencies. Thin voltage then actuates 
e Leeds and NortJirup recording controller* /.I term tin:* current line 
voltage to tiie power supoly unit Is held constant by a voltage regulator, 
o, hathod of Use, - The me mixture is continuously 
•anpled at ft point below the bottom oell of the pur *e building* and fed 
to the resonance tube of the rrimary element, The system, consisting 
of the nritary element and amplifier* sets up an oscillatin’ signal at 
the natural frequency of the pas oh&rabor, Thin Is depeident upon the 
composition of the test gas# Ihe controller-actuating voltage is 
proportional to the difference between this frequency and the frequency 
of the standard signal# Tiio aoouctic analyser ie connected to regulate 
pneumatically the sotting of a control valve looated in the line carrying 
purged races fra SR the top cell of the building tc the PTg traps# It 
thus controls th*. pur e rate at a nropor value dependent open tho 
concentration of tipg present in the pac supplied to the building# 
instrument is also oonnoctod to sot off an ale.ru ci tho vuluo of 

the diluent oonoantration. should reach a. point outside a specified 
rang©# Tec instrument is entirely eutomtlc, bus a rapid rato of response* 
and presents an analytics: 1 result which ie practically indernojidont of 
puc prosoure# A typioe 1 range for thr aoourtio analyzer v/oulo bo 0 to 
20 per cent of lifht diluents# but the ran~o eon be- changed vdion desired# 
The instrument posseoBoe an aocurocy of 1 volumetric per cent* and ic 
Ccnsitivo to concentration olanpoe In the rnp mixture of 0#?. por cent 
or r. ore. 


The ireaourarmt of hydro; -on fluoride 


G-10* Iff Analyser* - 
concentration pre-cento special difficulties because of its corrosive 
nature* liovcrul spnolal instrucontc wore ntodiod for this application, 
the viscoaity bridfr* type beinp sclocted as met suitable fr^r the point 
of view of oonnlorlty, coat, personnel and Maintenance roquircuonf, ait 
tiEK) lap* 

b« Principle of Operation* •» The viBcooity bridge ie 
amlorous to the electrical T.hoatston© bridr©* Lcnp metal capillaries 
are used as the four resistances, process sarnie mtorirv* ano end of 
the bridre at hifth proasurc (6 p*s*i*a*), passinp through taro parallel 
pairs of "resistors’*, end beinp evacuated through traps to the atmosphere* 
A differential pressure transmitter and recorder ie connected between 
midpoints of th.. b rid pc arrao to indicate unbalance* A chcatoal trap, 
containing sodium fluoride to r e m ov e the HI', is ineertod between the. 
two capillaries of one branch* This results in a dirdnislied flow 
through tho second lop of tiiat branolx, and unbalancing of the bridpo* 

The dopree of unbalance is an Indication of TF concentration* 

b# Comoncnt Farts* • Four capillary lens end tlu. 
differential pressure tmnomlttor and aoditm fluoride trap foru the 
ir.stntaont frroper* A conventional •nnrr tir rooordin; instrument is 
used to prooent analyses in £«;phic form* A vuouir. pun;- v/itJi an 
accessory trap is also r.eoocsc.ry* 

c* Ucthod of Use* - ?nc viscosity brid pc 10 analyser ic 
a somi-portable instrument, principally used to monitor the oaaoade for 
HF unflcnr* Total sample flow ie maintained at 600 cubic centimeter;- 
por ninuto* Tho use of the instrument is limited te points tdioiv 




fluorine and TTFg conoantrc tionn arc low, Ginoe those substances are alco 
absorbed by the sodium fluoride trap* Liao, the proscuoc of U!‘q will 
altor [us viooooity, ur.d ticreforc tho rate of flow throurh the oa; illr.ry 
ame, This will effect the calibration of the instrument* The eodiun 
fluoride is ohanged about t»7ioe a week* Hie visooslty bridge will 
rooord ut to tea per cent hydroyen fluorido with a relative uecurucry of 
about 0*3 por oont* Hie ;nocs ere cvti.ou 6 .i 0 d to tho fttmoehorc after 
passinf through e 6oda llzoo trap which absorbs the hydro~en fluoride in 
order to protoot tho punp, 

ft-11, Trace Indloatorc. — Traoe indioatoro are used to detoot 
extreme ly low oonoeatrutiono of UFg in fclio atnospliero, in carbon trap 
effluents, in soal exhaust linos, and in puryod or ©vacua tod ocllc, 

Thoir principal purposes arc to provont loss of bi g and contamination 
of ntBijing equipment, os wo 11 as to warn of basardous traces of uxunlm 
in tho air* Throe typos of truce indicate^ lmvo boon used in tho plant, 
a, Prlnolplo of Oporutlon, • Traoe indloatorc function 
by exposing ohenicnl reo. fonts to tho ms stream to bo tested* Tho 
presence of TFg lfi disclosed by a oharacterictlc oolorution* 

b« Component Parts# - The crystal type involves the use 
of salicylic uold eryotalsj the paper type utilises a piece of filtor 
paper (eorwtinos carryin a drop of oil), Trtiiah absorbs uranium oot>- 
pouadc* The automtio type rates use of a noviny tapo of filtor paper 
ix.iprofitted with potoooiim ferrocyt-nido through wiiioh a boon of liphi 
lc allowed to pass before otrlbinr: and actuatinr a photoooll* 

o* fbthod of Ubo* Tr. th-: oo.se cf tic salicylic aoid 
tjne, tho crystals arc re roved arid coroared with oolor sfoudurda after 




arposuro to ft known flow rato of fas for ft pro-dctornined tir.o interval# 
It In suitable for the dotootlon of IT- concentrations belcrw tiiroo narta 
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per million* The plain flitter pftpor typo is elnjclrod noriodioally by 
troetoont with potassium forrocyani.de irtiioh produces a characteristic 
oolor. Tide 1st than oanparod with color standards* The automatic tmoc 
Indicator Indicates pan concentration continuously by noons of tho 
photoaoll nicroammoter* It my aloo be used to sound an alarc^lf the 
concentration b econo * hasardous* The first two types are setai- 
quantitative) the automtlc type is continuous and quontUntivo* One 
part of UTg in 100*000,000 parts of air produce a 50 nor cent scale 
deflection in tho output motor* 

6-12. Infra-Red Absorption Motor* - Bio infra-red absorption 
motor is a portable leak detector of speoial design, used for looating 
leaks of CqFjq in coolant lines, drum, and proooss coolers* It was 
developed by Kcllsx and mnufaoturod by Baird Associates * 

a* Prlnolplo of Operation* - Perfluorodinotiylcyclohwsuio 
will absorb certain wavelenptJis in the infra-rod region* If an infra¬ 
rod bean io passed throu.-h a test gas cJanber and focused on a tlieruo- 
nctor, tho tem p e ra ture indicated trill bo dependent upon the anoint of 
infra-red radiation res.oiling the tiicmoroetcr, and t.-.eroforo upon the 
anoint of CgFjg ^ °* ,ain h or '* However, if a lithium fluoride filter 
is also pl&cod in the pc th of the boar., tho infra-red radiation trf.ll 
bo entirely aboorbod, and tlie thenaomotor temperature will be indo- 
pendent of tho CgF^g ooncontration in the chamber* 

b« Corponont Tartr.* - The oqulpncnt consists of a eouroo 
of infra-rod radiation, a moocurln;- cliar.bor, c. puw;>, a 11 trrfur.; fluoride 
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filter# and two "bo loco tore" or oleotric rocietanco thornoneborc* 

o* Itothod of t/oo* - l/i'JLlto t!io look dotwotcr described 
previously # tho infra-red absorption noter can bo apnliod without inter* 
ruptin.'; norml ope ration of tho ooolnnt nyahon* Air oanploo fra: Uio 
violnitr- cf cucpootod ooolant loala; arc pucpod tlirouph a toot clmcsber* and 
too infra-rod boons from a connou oouroo are passed throufi* the o-mnbor# 
ax3 of which la also paused through a lithium fluoride filtor# ihua# 
tive intensity of infrared radiation strikin- tho firot bolometer is 
dependent upon tho oonoentmtion of CgF^g in tix? ohacbor* wiillo that of 
the second la not* Iho too beams arc focused, respectively# on each of a 
pair of bo lane tore ooxmeotod into a TJhoatotoiw bridge circuit# A 
difference in tweperuturo bettsson tlio too tbornoaetors re suite from the 
difference in intensity of lrr>ln£iiv: Infra-rod radiation* and causes a 
differenoe in eleotrloal reelstsnoe* Determination of unbalance of the 
bridge olrouit provides a rcaouro of the difference in resistance of tiic 
two bolometers* and therefore of tiro concentration of CgFj^ in the 
ahambar* Oio Infra-red absorption rooter is capable of detectin'* tin 
pro Banco of four parts of CqP^q per i.Allicn* 

6-12* Dev-* Point Booordor* - De dew point reoardor is designed to 
Monitor tlw various plant supplies of dry air and nitrogen# and to vom 
of ojsoeocivo ntmzatc of water vapor In tho fuo# Installation of such 
an lnotrunsnt at K-25 is planned# (dovelopnont and fabrication boiu~ 
handled by Garbido) * with suitable valvin;; for Dateline Vroiz oiy ono 
of tho supply headorc carrying tho above nunod substances# 

a* Principle of Operation* - A bean of li#it in reflootod 
fron a oold mirror* Condensation or: tho mirror t\ too dirt - t.ic intoasity 
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of tho reflected beam* !\3neureaont of the mirror ter^eruturo repuirod 
to prevent ditninr of the ref looted ray provider, tvn indict tion of ita 
dor; point* 

b* Component Parte* - The feope.ro.tuo IncludoG a ;-laoo- 
v/indowed tout chamber oontainlnp a mirror continuously cooled b,r t 
rcfrl reran t eye ten* A source of ll'ht is nrovidod, and u nhotooell 
connected to on eloctrio&l bridpo circuit* which in turn actuatoo an 
olootrio heater for the mirror* A thonaooouolo Is infroddod in the 
mirror and connected to a continuous recorder* No punr> is required for 
the toot ma, since the air and nitroren linos arc under pressure* 

o« itethod of Use* • Tho sample of* ~ec to be oheclrod 
passoe through the tost cleuabor and ic titan exhausted to the atmosphere* 
Tho photoocll* whioh is aotuated by the intensity of refloctod lipjit 
from the mirror* unbalances teie bridr-o circuit whan condensation tends 
to docreaec tho intensity of tho refloctod boan* Tills causes the 
o lee trio hector to raise tho mirror tcsaporaturc,and maintain it at the 
dew point* Tills mirror temperature (i*e*,tho dow point for the pac 
under tost) ic detected by the thermocouple and continuously recorded* 
6-14* Differential I’roapuro Indlentor* - The purooee of this 
device lc to measure the flow of sonlnr-t nitropen pas to tho process 
purm seals* lilt ortrcmrly scull flop’ involved mde it noooocc.jp' to 
err loir c new t’po of instrument developed oc~.ocic.lly for tliic sorvioo 
by the ''ionorul ’ loctric Company* Tiio instrument lc a oorsbinatiaa flaw 
elemont and differential prossurc tronsnlttor* -onera 1 dueirn principles 

of differential preceujf! indioatin-* rooordinp s and controlling doviooc 
arc dincuuooi* in ?oltri.: E* This parufmph treats ir. r>urticular of tho 


DIFFERENTIAL PRE55URL T RAN5NUTTER. 




WIRING DIAGRAM 




cpooific r.npliorti^n of t?;c electric differential proncure iru^oator* 
which ic e. core elaborate end enccic.lleod iustruosr.t, t~ d rcproccntc 
tho o:i>od:lr! 0 .’it o' a eit; if leant instriwcnt run <jf.rc!r progrwa, 

c# rinclnlo of Operation* — The differential prose veto 
I ndicator dctorrrijiec the flow of ,-ac by electrically raaaaurin.'- the 
differential fras nroeoure eoroac an orifioo of tmosn dirronslcns« 
Variation of tho differential prcaou?^ ic oonvcrt.d, by noons of a 
bollovm arrfcntTament, to novanent of the iron core of on electrons.,Tnet, 
thereby inducing voltoyo changes which are a function of tho differential 
pressure, and therefore of tlio rao flat; to be noacured, 
b, Component Parts, 

(1) Jneumtict • Roforrin;: to Fipurc 24, a SG inch 
capillary tube, with an internal dicuaehnr one fifth that" of th £tc lino> 
la inserted in the nitrogen pin in" eupplyin- sealant to tho punp seal# 

A tap near the ontrance to the* capillary is competed to a c bomber, 
under tho done of Elicit ia jaounh’Ki a phosphor brecaao bollowu, Anothor 
tap* located at a ooir.t in the ocw.lont pip in;- just dovnutroon fror. tho 
capillary tube, is connected to tie space enclosed by tire bellows. 

Rigidly attoohed to the bellows io an iron plunder in the foxn of a 
split tube with a cll i.t ecilar.-ou-nt at the center, 

(2) Floctrlot-.l, « Trie plinper oor^letos tlio no.-no tic 
circuit 9 f a tlir<.>o-lof'; ed laninat?*! a; -notio-alloy otructuro, Two 
eaorfieirif coilo, axel tod by a CO-oyole powor source, arc noun ted on 
tho two outer lope, and a piokun coil is mounted on tho oenter lop. 

An amplifier io provided for cteppir.;' m the induood volta-v* Centrally 
loot.ted on tho. cnoratinp parrel or? Ur control ur.it is an indicating 

?• i' 

( 


wottcwter* Suitable electrical panels, and switching facilities, and 
an alarm oyuten arc also provided# 

c# Method of Uao, • A ohonro in the fas flow rate- oa.uaon 
e correspondin' change in t!ir pronaurc drop across the oapillnry tube# 
Bj4b io equivalent to a clmnpc In the differential bollows prossure, 
and result* In laovoncnt of the bellows and plinper* Motion. of the 
plunder disturbs the bale no of the rapiotdc oirouit# A volbu<:o there- 
forc appears across the plokv^p coil which 3Lo proportional to the bellows 
movement# The net induced voltape in tjie plokup coil is increased by 
a*i amplifier to a value cuitcblo for operatin' an alarm system vrtiioh 
would sound, for example, in the oc.se of e prooess pump seal failure#, 
The output wattmeter is oallbrated in pounds per square inch with a 0 
to 100 soale. A scale switch permits adjustment of the scale factor at 
0*002, 0*004, 0*01, or 0*02* One differential pressure indicator is 
provided for each prooosc coll, A twelve-position switch is used to 
oonneot the differential pressure indicator to the coal of any one of 
the twelve cell pvsps* In this way, the eoll can be "scanned” until 
the faulty seal is looateti# The capillary flow element acts os a choke 
In case of a seal failure, to rcstriot tb* flow of nitrojwn to a broken 
seal, and prevent the failure of other reals, Tho capillary by-poor 
valve? shown in the figure can be opened when it is douirod tc choc!: the 
roro roc!tier, of the bellows# Twelve potontioroberf' set the instrument 
sero roBroctivoly for oacli trar-Qfonrwr pickup ooil, and ooEpansato for 
residual piclrup vo 1 tare due to diuoymetry of the mpustic cirouitc at 
sero pan fltxr# 



SECTION 7 - . IIOT FLANT DEVttOPKENT 


7-1. Introduction, - This section presents * description of the 
various pilot plant units which were built Xor studying and developing 
the operating process, a d Xor carrying out basic research into the 
j types and arrangements oX process equipment which would be suitable Xor 
use at the K- 25 plant* A number oX special mechanical test loops were 
also set up and operated solely Xor testing individual pieces oX equip¬ 
ment each as pumps, seals, and cold traps. Sines these served the 
purpose oX Xacilitating decisions involvtd in the design and manuXaeturs 
of mechanical equipment, and involved no specialised process research, 
description oX these test loops is reserved Xor Volume 3, Section 5 . A 
10-stage test cascade was also sot up at the Test Floor ©X the Kellex 
Jersey City Laboratory, Xor the purpose oX checking the soundness oX 
certain portions of the K-25 design. It cannot be called a pilot plant 
in the strict sense oX the word, since it was not a prototype install¬ 
ation operated to obtain data on which to base the process design oX 
the full scale plant. Description oX the 10-stage cascade is there¬ 


fore also reserved Xor Volume 3 . ,n a count is presented in Volume $ 
of the preliminary operation of one of the process buildings as a 
"54 atiga pilot plant", 

7-2 Slnria Stage Separation Systems. - The first successful 


separation of the ‘uranium isotopes by ths gaseous diffusion mothod was 
accomplished at Columbia University in January 1942 (App. D41). 

t 

OELETED —— * ..-v- - 

Isotopic analysis of the 

initial diffused fraction, and ol the iinal undifiused residue, ehowed 



changes in concentration of the light isotope ranging fro® 0.6 to 1«£ 
per cent, results whioh were in reasonable agreement with theoretical 
predictions* Improved separation systems of the some general type were 
subsequently oonstruoted (App* 1)42) and operated in order to obtain 
further tests of the theory and to measure the separation performance 
of the various barriers* One suoh separating system is the"high out 
tester” described in detail in a technical report (App* D4S)* These 
systems were also used to calibrate various barrier testing procedure#* 
7-3* Pilot Plant Me* 1* - Ac a further maans of obtaining data 
on barrier efficiency, and to evaluate the performance to be expected 
from the gaseous diffusion production plant, several pilot plants have 
been constructed and operated at Columbia University* These pilot plants 
were designed to utilise a minimum of gas, sad the barrier areas were 
therefore very small* The first of these, oalled Pilot Plant Fe. 1 
(App. Cl 7 thru C20) # utilised a barrier area about the else of a niokelj 
it was Operated initially In Ootober 1942* Originally located in the 
Pupin Laboratory of Columbia Uhivsraity, it was later transferred to 
the Rash Laboratories of the Kells* Corporation* The unit eoneieted ef 
twelve sylphon-sealed pvsnps (App. D2S), mounted In two opposing rows of 
six and operated from one crank shaft* It was arranged as a twelve 
stage cascade for total reflux with an expeoted isotope separation of 
about five per oent. In operation, the system was first evacuated and 
tested for air Isaka. Fluorine was then admitted to about one atmosphere 
pressure and allowed to remain in the plant overnight in order to fluori- 
nate or ecnditlon the surface ares* The fluorine was then removed and 
prooese pas admitted* fthen the experiment was completed, sunnier were 



romovod i'rom iho top and bottom reservoirs for analysis* Squill':rim 
w,a cotoblishnd after about fifteen hours* Tie plant operated suooess- 
fully for continuous ooriodc ao Ion.;, as two hurxirod hours* and t!>o total 
time of operation scrooedod thirty-two hursdrod hours* Results wore ob¬ 
tained porta ininn to enooad© behavior with A, DA* and -3 harriers (App* 
over a wido Tun -c of mixing and floer conditions* pressures* and 
prooouro differentials* It also served ao a noons of tostlnr; lnotruaents 
and other ©quintan t for handling prooooa pas* and furnished valuable 
operational experience* Tho then obsolosoont plant ms retired late in 
1944* after It had served the min purpose for which It had boon con¬ 
structed. 




7-4* Mlot lent Ho* 2* - Ploiio and dosl^pi for Dilot riant Uo* 2 
wore initiated in Deoesdber 1942* but booauoe of unavoidable construction 
delays this plant was not placed In operation with process ras until 
10 ?fcy 1944* Hie plant tjub a six store total reflux onaoado usinr 
roolprooatln/; pir^s of 23 oubio foot per minute displaoonent (App* D46* 
C21* 022)* 'fypo A* DA* and ViD barriers wore installed containing throe 
square foot of area* DELETED 


Complete instarmontation for aubomtlo control ms provided but canon! 

t * 

operation ms alcq^posaiblo, Hi© equilibria^ tins ms a few minutes* 
This els sta;e cascade presented tb- flrot o -ortunlty to study tho 
pert’oraanoo of barrierc* fcictruraanto* and control tndor conditions ap— 
proaoliln'' those anticipated in the lor o soalo production plant* !tny 




tests woro run on process ' tc, and the plant has also furnished sepa- 

♦ 

ration date for mixturen of nitrofcn end nrooeco pcs# TTiooc cKporirwntc 

wro oerfornod in orddr to ofcufiy the bcltyeioi' of nutc spcctromcterc. 








Applied to tho continuous method of analysis proposod for uso in the 
ha in gas diffusion plant* 

a* Expansion of Pilot Plant* - In November 1944, Pilot 
Plant Ko. 2 was expanded frost six to ton stages, the purpose be in?; to 
inorease the total separation of proeess gas to about three per sent of 
the light isotope and thus improve the preelslon of sasiple analysis* At 

v/ 

the sane tine, provision was node for the use of diffuser tubes of 
standard plant length (seven feet) instead of the shorter ones previously 
used* Arrangements were also node to feed prooeas gas into the plant at 
various rates up to 600 pounds per day, and to withdraw snriohed material 
for research problems In the laboratories. 

DELETED 

j In February 

1946, the plant was dismantled and shipped te Oak Xldge, Tennessee* 

7-6* Pilot Plant Be* 8* - This plant was originally planned by 
V* W. Kellogg engineers under OSRD o on tract, for their laboratory In 
jersey City* lew Jersey* However, In the late suxtaer of 194S, under 
Manhattan Distriot supervision, it was decided at e joint nesting of 
Kollox end 8AM representatives (App. D92) that ereotion end operation 
, would bo the responsibility of the SAM Laboratories personnel working 
in the Kash Building* However, Kellex designed the plant, procured the 
equipment, and supervised eenstruotion* We stinghouse gas bearing blowers 

S' 

were to be used in e ten stage system whloh was to bo sisdlar to Sections 
6 end 6 of ths mein gas diffusion plant* As originally designed (/pp. 
D12), prooess gas of 86.6 per oant oonoentration of light isotope war. 
to enter Seotior £, and, after processing, the snriohed materiel was to 



leave at « concentration o t C7.9 per cent. Seotion C received the 
latter material and raised the ocnoentration to 90 per oent,.which wac 
the oanoentretion of the final produot of the plant as then en^isaped. 

As eventually built at the 8Af Laboratories, aoit of th^ Kellex design 
was used, but only eight stages were inoluded. In aoeordanoe with the 
original Kellex plant, dummy diffusers, and steel piping and valves were 
to be lnoerporated in the plant, ee it was not intended to operate with 
proeeee gas but/ with the fluerooarbon, normal perfluoroheptane (CyFjg)* 
When experineata with the originally designed pilot plant were emspleted, 
it was Intended that alterations would be made so that process gas and 
diffusing barriers oould be introduced. As far- as possible, equipment 
was ohosen eo that the oonvereion oould be made readily. In aooordanoe 
with these deoiaione, it has beooma oustoaary to designate the original 
plant aa No SA and the revised plant as No. SB. 

a. Operation with Pluorooarbon - Pilot Plant No, SA. - 
Difficulty in getting the speeial equipment for the plant (App. C28, C24) 
delayed its oanpletioc, end the first five stages wor< not plaoed in 
operation until 16 June 1944. The full plant with interseetional 
coupling stages and autooiatlo control mas first operated on 12 July of 
the iNM year* The easoede was operated with CyKjg for a total time of 
289 hours (App. D4G), and during this period varioul dieturbanoes, or 
sudden ohanges, in prooass praesure and flow were introduced in order 
to study the effects produesd. Both manual and automatic ooctrois wore 
used, end at all times the plant was found to be hydrodynsmioally 
stable (App. D47). Thors were no serious mcehanioal or eleotrleal 
difficulties in the eacoade operation of the ten gas bearing blower*. 


iho BKohanioal behavior of t!» proaoiaw tnunanlttlnr and control oyotcsa 
was also fouid to bo satisfactory* ^Wmiun testing eub-asoenbllee wore 
also atariiud and found wy doelrebls ao a moons of speeding up final lank 
testing procedures without delaying construction* iho necessity for 
develonixin special welding techniques waa d«nonstrwbadj it waa detortdnod 
^thet, on tho average, twenty looka ere proaont la 1000 faot of atandard 
quality wo Ida* hotbeds wore developed for constructing vaouus t&^it 
coolers by illwrawH»rtng the tube# to the tube sheets* It waa further 
demonstrated that by using tabs rials with propor density and flow 
oteraetarlstlos* aeohanloal folate oould be rede, whloh would ree&ln 
veeuua tirht for reasonable periods* 

b* Operation with Prooeas Pag «► Pilot Plant Ho« 83* «• l a n e* 
dlately upon completion of the tests outlined for Pilot Plant 5A, the 
neosesmy c o n ve rs ion from Pilot Plant No* 84 to 8N was node (App# 025, 
C26)« Look of suitable catorlal for diffusers, whloh wore then still in 
the research etoge, delayed ocranleho operation, but eaperinents with 
nitrogen and proeess pia in the absence of diffusers ware o&de during 
the latter part of 1944* These studies paws useful inforrmtion on the 
conauraptlor* of proooss gas, and on blomar operation In this presonoe of 

Tjr e» ^ 
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ieptoobor 1945 a uniti sod blower* diffuser* end ooolor of 2 At’ design was 


D<& 


conditioned for testing FHirinr the testin'*, howwr, loakn^s diffi¬ 
culties Tiers onoouutorod and few results oould bo obtained* f 


DELETED 


7«6* Single Star* 


An additional experiment 


was conducted at tho SAK Laboratories to fain information on production 


nlant porfammoe using the single stape blower system* 


DELETED 


Conditions of 


pressure* out* velocity of process goo* and Talus of Bqynold's number 


wore ohooon to simulate a Section 1 star# of tike tain production plant* 


Eiia eyoton was put into operation on 5 June 1944, and* except for 


momentary slmtdoens oauaod by temporary power failures* was oontinusd 


until 18 July for a total operating time of about six wooks# The 


, perinsnto *avo ira^ortant information ori blower behavior, on fc’io oorro- 
slon of motel parts exposod to prooeao ae (App« P48)* and ou the 
plu'—inr* rate of barriers under production plant oonditiaie (App* D49)* 


Several otier ouob system wore also studied nolnp different type pimps* 


Very little corrosion was found in tho blower, and thero was no eridenoo 
of Mtfi pao volooity erosion* rfio nerformnoo of the tubular dlffusero 


at plant hydrodynamic ’condltiono was extre !y satisfactory! tho dif¬ 


fusers show*? e plugging lute of lose tlwr* two per oemt per north. 
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It was recognised at the 



7*7, Vaouin Pn<*lneorln<* School* - 
tirao of the original plant design (App* D12) that canpleto failure of 
the diffusion method would result unless leakage end veouun problems 
could bo oonqusred* The degree of tightness required in the gaseous 
diffusion plant was without precedent in practical engineering ex* 
perienoe, Application of the boss spectrometer for leak detecting 
purposes was node by A* 0. Nier and his collaborators with much of 
the development taking plaoo at the Hash Building under Kellex ausploes* 
Leak detector unite were constructed, personnel were trained in their 
use, and much of the pilot plant equipment was tested for leaks (App, 
C29), In February 1944, it beoene apparent that several hundred 
trained operators in addition to the already trained scientists, would be 
needed for leak detection work on the gaseous diffusion production plant 
et Clinton Engineer Works* A school for this purpose was established 
at the SA' laboratories in tferoh 1944, and ovor a period of about five 
months ms attended by 221 employees (App, C27, C28, C29) of the 
following fires engaged in operation of the K-26 plant or nanufaoture 
of equipment for iti 

Kellex Corporation 

ford, Baoon and Davis, Doc, (App, D81) 

Carbide end Carbon Chemicals Corporation (App, D02) 

The Crane Company (App, D83) 

A Ills-Chalmers Company (App, D04, D06, DSC) 

Whitehead Uetal Products Company (App, DG7) 

Linds Air Products Corporation (App, D88, D09) 

The A, 0, Smith Corporation (App, D90) 

A report on this school is available in the Manhattan Distriot TOohnioal 

Files (App. DG7), 



e 
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0-1. eners.1 fro: lens# - Curin’ the period fron 1940 to 1042, 
Intensive efforts wore node to prepare an or:anic coir>oind of uraniun 
suitublc- for use in a diffusion plant* iheDo oaoorinonts wore nude 
under 0£>!3> nrino oontracts at loon Stztc Collo-e, the U^iverai^ of 
Chios ~o, end the laboratories of the htiyl Corporation* However, durin{ 
all the ocnxree of this nor!:, no suitable substitute for urtmlixs hexa¬ 
fluoride ec nroooos paa me discover'd# This oonpotcjd had been taeoii 
to ohanicis sine© 1909, but CKictinp informtion on its ohanioal end 
physical properties utm nearer and, in earn oases, incorroct# Itc 
1J. filly corrosive mturo raised i^xr.y orob 1 ecu in oarmooticn with the 
proposed barrier and mtorialo cf plant oonotruotion# Tliiu situation, 
together with the nunoroua other chenioal nroblecw to ' c expected in 
a lar .2 reeoarc!) nrojjeot, led to t!tc eotablishncr.t of a ohonioul 
soot ion at the SAb laboratories* A vast anoint of wori: has boon done 


by this (pro up an chenioal aspoots of tits K-2C reooaroh program# Sock) 
of this nor'- involved devoid :ncnt and uxtension cf exictin: chenioal 
raotltodof rauoh of it has boon conoorriod with entirely now ohonesraenf. 
previously in’mccn to cheniote# 

0-2« "hyolcal and Chord cal "renertleo# 

a* 'iyBico-f!)jr.ico.I Studies* - "fvisurui.nt and etufly o'* 

ti'C cbcmcul r.nd ohyuioal nro_<crtioc cf umi'.iuri honaflucrido uuc undr r- 


tn’*on between 1940 end 1942# 
netiodn for handlin'- the pcs, 
analysis# Ars-v.y th*. p’^'c'c 1 


Tide, in. turn, invwlvrd dev.. lopnont of 
a nr n cv ways cf proptirin it for chonical 

properties irivpwtif’air.rd v:;v thu vapor 




pressure, density, thermal conductivity, viscosity, heat capacity, and 
other thermodynamic characteristics (App. D50 through D53)« Metallo- 
graphio techniques were developed, using both the optical and the 
electron microscopes (App. D58). Reference to such work may be found in 
a bibliography on the subjeot (App. D*>9). A bibliography on the chemical 
j properties of the compound is also available (App. D60). ( j 
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b. Mechanical Properties of Barriers, - The mechanical 
properties of barriers have been studied by the following methods: 

1. Bend test, to indicate relative stiffness and ductility. 

i 

2 . 


3. 


U» 


5. 
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Fatigue test, for information on barrier behavior under, 
continual vibration. 

flutter test, for similar purposes but with smaller 
vibration amplitude and higher frequency (App. D61). 


Without the thousands of routine examinations made by these procedures, 
»* 

it would probably have been impossible to produce a barrier acceptable 


i>m 

bfa 


for use in a gaseous diffusion production plant. 
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03 * tfcrrlor Chorda txy* 
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'onditioninr* • 
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I i various prctrcctmcat prcooduros for stabilising j 

, tJ*3 barrier ware invostiotod, and it mo eventually discovered tJrxt 
J 

» 

fluorination produood the desired rosult* The suoosss of the stubiliiea- 
tlon orooedure depended on reoornition of th fact that adsorption of 
nroooss as and fluorine oii a barrlor ms e. vory irspc rtnnt problem 
TV.lo in turn lad to tho investigation of sue: ohononena In considerable 
dote.il, and involved t!*o ctu&y of ourfaoc areas and methods of noesurins. 
tf<an« Tho technical results ray be found in a report (App* DCS) vidch, 
in addition to giving recoroondod prooedurae for plant o tab! lisa tlon. 
Includes a lar *o arnomt of information on related subjects* 

b* riu;-,-inq end Consumption# - These corollary problem 
wore also of considerable lrportanoo* 2w ohisf o* joot, ae bos been 
explained above, ms tJat of pro-tree.tin; the barrier in such s my tl«t 
it remains otr-blo in tiio prostooe of process gosj thus its rate of plugging 
mot be oonfined within specified Units* TTw rate of oomr^tion of 
erooooa pas tziot ojLoo minimised, sspeoifllly In the hi-fcor sta. os of 
tii© plant’ liioro the material is hipjily ©nrialaod with t‘i© llpfct isotope* 
and very valuable* Thin rate of looo has been specified in tho plant 
dcai-n at a value not oxoeod.’xx one milligram of procoos too 7 X>r square* 
foot per day, and the prooodurcc established have ohov/n Ur,t it io 


T>ooclble to k:'ep corrosion holer this limit* 


\® 
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All of tl.oo© premiers Itclv? 


oon Buoooaofully solved* 


(1) Tfoutlno !|wte» • I^urln^ the period when these 
standard >rooodurca wore Vein • developed, th o &A& Laborutorlco cade 
^routine teste on mny different barrier etuploa of all iypoc* As A, 
IiA, TH, aid other barrier nodifloatlana tore studied end developed, each 
was tested to dote mine whether or not it was aooep table on the basis of 
plu-rinc, oonaueptian, stabilisation, and recovery* tfuosrouo techniques 
for the eo purposes wore evolved* For *xnrr>le, an apparatus has boon 
constructed in ^ilah it Is possible to stabilise as many as fifty 7* 
foot barrier tubos at onoo (App* 1)64)* 

6-4* Inert *xs Tbctiiy; of Darriore* - In Gcotton 7 of this 


voltms, ref or enoe ms mds to the IFg separation testing of barriers by 
einlo sba-o and pilot plant methods* This method of to g tin" barrier 
behavior is vory slow, not only boonuoe of the tioo oonsuaed in the sepa* 
ration exporlrxmt ltsolf but/ also booause of tho time required for 
isotopio analysis* It was therefore important to devise sapid methods of 
neasurinfr the separation factor of barriers* It was also necessary to 
determine berrior^rosity by a ini la r rapid toe to* Tire heavy derawad for 

t 

routine bestlnr pro .pted the Kdlex Corporation to or: anise ita own 

barrier testin laboratory In the Jlaoh Dulldin > ffcolnaioal proportioo 

*> 

were also moasurod by this group* 

a* Tooting of Flat Samples* - A groat deal of effort ms 

♦ 

cerpeedod on tt coc procedures, with the result that suitable methods wore 
devised for obtaiulr,:- t?ic r^juirot! ’ rfoimtio - tepidly* In itc prouent 



forr:, the nethod is a.n follows? a flat sarr>le of barrier is placed In 
c suitable holder, and t rnr mixture of holiuri end carbon dioxide io 
circulated on ono cido of tho earnlcf sow: of the gas diffuses through, 
end an analysis Is mdo c? the diffuse, to and of tic und iff used pus, Tio 
srps.re-cinr efficient/ of tiv; barrier f Howe directly froi: these neacuro* 
t3rr.tr., "oroslty la dote mined by rwr.sitrir. tho anoint of rap draw* 
through the barrier under standard conditions of pressure and purr>ir.e 
rat© (Arm, D6&). The development of this ran id fostin* unit !#.s b ran 
accompanied by many theoretical invest!rations of tw physical laws of 
ft.e flctt/ through barriers (App, DOG), TiiO results ha ve also boon 
compared wit’, process pac separation tests in order to convert tho 
results to an absolute buaie* Auxiliary inntrum^ntc for separation 
tests bars been developed in order to m’;c noro precise dote miration 
of the pas mixtures dlffuoin throu h the barrier. These include thorml 
conductivity ,~nc analyzers of tho tvo different varieties (App* KV* 

DGC)* For o or be in social nurx>3cc, noasur orients of barrier separation 
have alco been mdc uoin~ ©tiior -ason or ae fixtures suoh as nitroren** 
azyry.i, nitro-an-^orf luoroheptenc and hydroyori-oartxxi diaxido, 

b. Tube Testing* - The fore oin•* inert pec toctin - raotlrds 
have all boon extended co t'kit they Ftiy bo applied to tubular diffusers 
of standard seven-foot production plant lop,pt'. (An;,* PCs) and to slicrtor 
tubes cut fra theci (App* UCO)* 

B-t, Corrosion o’ tutorials* - The tra. ©f barrier in th :■ difi?u~ 
sion plant ic estimated oc DO per cent of the total area exposed to 
process pac, the romindor bein' aocourtoe for by blowt-re, r irin'^and 



) 



materials of construction for those items, ard to stabilise than to the 
process ns when noceoanry* A bibliography of available T'«*25 corrosion 
data has boon compiled, covsrinj* the corrosive action of fluorine, 
hydrop-sn fluorldo, fluorocarbons, and process pas (Anp* D70), Studios 
at the SAT tab oratorios hove involved dovelonnont or creation of 
aethods for nanaurin - the oorroslve effect of t'uece pases, invoeti- 
pptlon of tho fundar.cntftl chenloal r)rinci*il«s concerned, and routine 
tests on htndreds of different mtorinla# 
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8-C* fevelopnent of Special (Thenloals* - Ucntlon has been saids 
In Vbluae 1, Paracra-'h 5-?, of a rnsaher of specific needs, arising 
within the K-425 Project, iftilch could bo successfully net only through 
fundamental development and toohnolo loal adaptation of a ntrfcor of 
Industrially new and special chemicals, principally tho process fluid 

ft 

itself, uranium hcoafluorldej tiw conditioning pus, oleocntal fluorinej 
and a nurUer of Inrrt, hiphlv fluorine tod hydrocarbons* Description 
of' thla p^tipo of tti« eori:, wVch fonaod a very oipnlfioent branch of tho 
chemical reoearch prorrem, is presented In Booh VTI* Purtfjer discussion 
1c also aw liable in tho Kollox Cocploti an Itoport, Sootier; III, (11) • 
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cr.crco'; o - sat*,tst led .tncuRiTT 

0-1* Safety Drorron* 

a* Organisation* 

(1) Safely Department* - Hie principal contractor, 
the SAL' laboratories, orQonlsed a Safety Department within itc In¬ 
dustrial Relations Livision* Other dopartewnts in this division 
dealt with employment, insurance, medical ratters (phyoioal exoii- 
mtlons and first aid), and employee relations* TJiooo dopa r t no nto 
reported directly to tho Director of Industrial Relations, e nd problems 
oorxnon to this Division wore diocusood and coordinated* A full-tiro 
Safety lin'tineor headed tho Safety Division und worked directly with tho 
various technical and sorvioe divisions of tho laboratory* Tito normal 
functionin': of tho Safety Departs.®nt required close cooperation with 
tho radical Division in Imndlin • injuries and taking proventivo 
measures* The Safety Dopartnorrt also worked closely with the Insurance 
Deportment on oaanensation oaooa and related ratters* Tho Columbia 
Aroa Cncinoer supervised tho safety program of the various oontruotors, 
and mints lnad liaison with tho District Ikdioal and Safety Sections* 

(2) Safety Advisory Coralttoo* - Because of the 
nature of tho work boiny done, r. Safety Advisory Comlttuo was organised, 
oonsiotinr of scientists having dlroct responsibility for the activities 
involving haeardouc operations# At tines vrtxm social safety' problems 
arose, nootinyn of tho oomittoo woro called to discucc tho situation 
and rotoo roooranondntionc to the Safety Departmnt* 
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(1) Knployoo Orio:itutlon» - All now onployooc wore 
f^.von instructions ronurdJn- tholr dutios, at which tine Unit a of 
responsibility and authority for all operations woro spcciflod* An 
Llnployooc* 1‘anual vac prepared and distributed to aid in this orlon- 
tation program* Safety bulletin boards wore installed, and a continual 
poster campaign ms carried on to mk» ocnloyeoc oonooious of the noafi 
for oaroful operation# 

(2) Safety I no poo t ions, • Routine inspections wore 
raadc to insura the aboonoo of unsafe phyaloal conditions and firo 
Placards, to oheok tho condition of gas masks, and other safety equip- 
wont* ant? to safeguard the health of employees* 

(5) Mkftl facilities* - A oonplotoly equippod 
infirnary was establiobod on tho premises of the SAD laboratories with 
two nursos on full-time, and two doctors on part-tiwo duty* Arrange¬ 
ments were made with a nearby hospital to handle oner fancy cosos* 

(4) Study of Were Hazards* - Prior to tire inaugu¬ 
ration of now experimental pro franc, oanferonoeo with ooiontlfio 
divisions wore held to dlsouos possible hosardo involved* 

(5) Records and Statistics* - Complete records of 
inspections, rooocnendationc, one" investigations wero mlntainod* 
Monthly reports wore prepared showing tho frequency and go verity rates 
of aooidents* 

9-2# Security Program. - A security program was instituted in 
tho Columbia Area, in accordance with policioo established by tlio 
District Security and Intelligence Division* 



u, Or~Q.nl gatlon, • The Columbia Aron Security Section 


mo hoadod v *y a s pedal agent aos ironed to the aroc by the Kerr York 
Branoli Offioo of tho Goourity and Intelligence Divio ion* 2 Mb wan 
wao assisted by a nrotoctivo security agent, Gecurlty representatives 
vroro so loo tod fron poroonnol at o..ch facility porfomlnr work of 
into root to tlu Dlotrict* It mo the duty of these roprosontativoo to 
roport all appropriate matters to tho Area Security Section* and to 
maintain proper oocurity conditlorin vrithin their faoilitioo, -Guard foroeo 
TTero established where noooaoory, an these forooo reported euopioiouo 
incidents to tiio Security Section for action, TTno primary duty of tho 
section head of the Area Security Soction was to assist and advise ttio 
Arm Engineer on ull natters involving security and intelligence, Ac 
resident agent of the Uew York Branch Office* ho mo also required to 
report all significant natters to that office. Informtion ooncersiing 
inoidontc pertaining to security and Intelligence woo also forwordod to 
the District Security and Intelligence Office by tho Area Security 
Section, 

b. Security Ifeoouroc, - Security regulations established 
by higgler echolons wro put into effect at all faoilitioo under tho 
^Jurisdiction o r ' tho Columbia Aroa, Itoy poroonnel nt ouch of tltooo 
facilities woro thoroughly advised of tho -rovioionc of ouch regula¬ 
tion by tho Aroc Goourity Section, Joriodio inspections wore con¬ 
ducted by tho hoed of tho Security Goction to incuro compliance) vrith 
those security regulations at each faollity within the aroa. Security 
ourvoyo xroro conducted by inspectors of tho IJmv York Brunch Office to 
incuro continuity of production at all Columbia Area installations. 



Tlio Soaurlty Section acsictod the Area, engineer in oarr/inr out 
raoonaondntiono baood on those poriodic survoyo* ho aorioua violation 
of oocttrity ropulatlono line boon reported trithin tlio Columbia Aroa 
oinoo ita oatnbliohnont* At c.11 installation!;, oxtoncivo uao mo mdo 
or visual a Ida euppllod by tin) District Socurity Qffico* ‘13 vo Area 
Socurity Section oarriod out a carof 'i personnel examination of all 
facilities, and roviomd security queotionaairoo on prospootlw 
enployooc prior to eubcri.ttin~ thon to the Dew Yorb Brunch Off loo for 
lnvoetipution* 
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SECTION 10 - CO-'vTS 

10-1* Introduction* - An overall compilation of costs attribut¬ 
able to the K-25 Project is given in Volume 1, Section 7, together 
with an explanation of the principles involved in the method of cost 
presentation used* This section presents total costs chargeable to 
the research phase of the K-25 Project. 

10-2. Cost Breakdown* — A detailed breakdown according to 
Manhattan District prime contracts is shown in Appendix A2, which 
also presents original and modified contract estimates. Appendix Al 
presents costs Incurred as the result of early work done under the 
auspices of the Office of Scientific Research and Development. Cost 
estimates for principal subcontracts are tabulated in. Appendix A3. 

10-3- Cost Summary. - Total coat figures for K-25 research 
(including the OSRD costs) affective as of the end of the fiscal year 
1946 are as follows: 

Contract Payments t o- Pete $14,544#964 

i’ixed Fee l eyiaents to Dat e 0 

Material Furniahed by Government te - Poto 471.960 (credit) 

Total Contract Coste to -P at e 14>073#004 

Ketlaatod Total Costs for Completed Contracts 15#611,663 
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SECTION 11 - ORGANIZATION AND PEKSOKKEL 


11-1. District Organization . - The line of authority for research 
and development pertaining to the diffusion plant is illustrated by 
Appendix 31. The activities end organization of the Madison Square Area 
are Irettei in Book VII, and of thu New York Arei in Book II, Volume 3» 
11-2. Columbia Ares . - In anticipation of the awarding of contract 
Vr-7405-en£-59 to Columbia University, Major 3* K. Hough, Jr. was desig¬ 
nated Area Engineer of the newly Ciutted Columbia Area in the early 
spring of 1943* By 4 August 1943, the staff of this Area consisted of 
4 officers and 72 civilians (including guards). Appendix: B2 presents 
a Columbia Area organisation chart effective at this time. Major Hough 
waa succeeded in January 1944 by Captain L. L. Giotjan who directed 
Area activitieo thereafter. The Area staff, which at tho October 1944 
pen 1 ' (App. B3) numbered 7 officers, 173 enlisted men and 146 civilians 
(including 111 guards), had boon reduced to 3 officers (plus 3 assigned 
to the Patent Advisor), 2 enlisted men, and 27 civilians by gO-A p ra i 1946 
(App. 34). Key personnel together with their functions are listed in the 
Appendix Gl. The Columbia Area was dissolved as of 1 July 1946. 

11-3. SAM Laboratories , 
a. Organization . 

(1) Development . - Tho war research activitieo in nuclear 
physics at Columbia University under OSKD contracts were organized under 
the name of SAM Laboratories. When contract ?r-7405-eng-50 was negotiated 
with the Manhattan District on 1 May 1943* thr entire laboratory was 
taken over. In view of the expanded research program required under 


the new contract, additional facilities were provided in the Nash Building, 
New York City, ehortly thereafter (July 1943)* 

(2J Transfer of Kesnonaioility . - The work and equipment 
were gradually transferred from the Columbia University location to 
the Nash Building, the transfer being essentially complete by 1 Feb¬ 
ruary 1943* On that date, responsibility lor the SAM Laboratories 
was assumed by Caroide end Carbon Chemicals Corporation under its con¬ 
tract W-7405-eng-26 (Vol. 5)* The laboratory organisation, which re¬ 
mained essentially unchanged, is depicted in Appendix B6 as of 21 April 
1945. 

b. Kmnlovment Statistics . - A tabulation showing the 
number of persons employed by the SAM Laboratories together with other 
Columbia Area contractors is included as Appendix B5» 

c. Personnel . - The activities of the SAM Laboratories 
were directed until February 1945 by Dr. H. C. Urey, who was then suc¬ 
ceeded by Dr* K. U. Crist. Dr. Urey was aided in his administrative 
end technical duties by Associate Directors, Dr. L. M. Currie and Ur. 

H. S. Taylor. Dr. J. R. Dunning directed research and development in 
mechanical engineering.problems, pilot plants, process operations, and 
isotopic analysis methods. Major divisions were headed by Dr. E. T. 

Booth, who directed the work of all physics research groups on barrier 
properties and separation assay methods; Dr. H. A. Boor so, who directed 
the mechanical engineer groups c cm corned with studies of seals, blowers, 
pumps, and pilot plants, and by Dr. F. H. Emmett, who directed chemical 
research dealing with consumption, plugging, stabilization, corrosion, 
process materials, and fluorocarbons. Dr. Emmett was succeeded by 



Dr* W* F* lilbby* Dr* F* % Slaok directed tiic barrier tostlnr division* 
while Dr* K* lack* Jr* was responsible for tho production development of 
flie olectrofacod nickel barrier* and Dr* K# r> * Cohen directed fundamental 
theoretical and nit'iooatiotil studioc of plant doe in and operation* Dr* 
><* Soatohard supervised roe oar<jh on fuo flcn/ theory, and Dr* TI# J* 
Croipbton supervised patent wort,and sorved as lialaon offioor botwoon 
SAD and Dooatur ou Hi-, barrier production* Dr* o# F* Durphy dirootod 
tho administrative wort of the potent and theoretical groups and wae 
responsible for all technical reports* including thoir editinr* re* 
production, distribution* and custody* A do bailed list of key research 
end development personnol of the SAD Laboratoriee ic pro8anted in 
Appendix "2* 

11*4* Coluribia VnIvorcity* 

a* Organisation* * As stated a ovo, the SAIL Laboratoriee 
originated in Columbia University as a consolidation of all of Coluabla*o 
lfc.nhe.ttan Dlstrlot activities* Vdven the Carbide and Carbon Cheaoioalo 
Corporation took over SA” on 1 February 1945* a certain aaouat of experi¬ 
mentation not oonnocted with the diffusion prooese remiuod to be 
completed under W-7405-en^*C0* and wao continued under this oontract 
Independently of SAIT laboratories* 

b* Personnel* - Tho activities of tfriG rro\r> were puidod 
principally by ire, !f« C, Urey* J* R* Punainp* euad % rail la, Ljaploy* 
neat statistioo arc furnished in Appendix BG, 

11-G, Kolleor Corporation, 

a* Foraonnel* • Key rooearch poraon-.el of tho Kellex 
, Corporation ar< listed in tho Appendix "5* Or anisatlor. details and 
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i informticn concernin' the reminder of t!>e stuff ftro f*3 ven 

t m •eroonael trorfr&v undvr ’•'cllraeHiuncj'viend cor.tr; ct-s and ei&>co.itruct& 
ere Included ir; Voluao £,since their contributions were ulorr t « linos 
of ranufucturin ' dovc*lo*>R*.»r;t, rather t»ifcn fundcuaentul research* 

11«0# Bell Tahoratoricc (; estrnx Electric Con>any), ~ 

Tr.v ’ enhatban District wort at thr;If’jorLtorifs nuc perfon.ied ’i’/rr 
rhe en-jcndcion of It* h* l* Burno* A list of key individuals contri* 
butinr to this project is attached (Ape* P3)» Vn loyswjit data are 
supplied In Appendix BS* 

11»?» 'Vince ton Uniwrolty, • Tho entire ''rincotor. effort in the 
r-?8 project was direetod by Dr* li* S# jkylor* who w~z assisted by Dr* 

■J# f* dor is* A list of key personnel associated in this work la 
presented ir: Appendix 04* Informtion re"&rdin.- tturebar of cipployve;; 
entt-od at this facility is provide in Appendix HO* 
ll«6* Other Contractors* 

a* Intorchccioal Corporation* — Tills work woo di rooted by 
Dro* A* r ’« -«8ssler «nd D* II* 'fens* Other key personnel woririr. under 
contract >/»7407««nfp>»25 are .listed in Appendix 1'crsonnel ctatistiqo 

my be found ir. Appendix DC* 

h* f&llfcralr. Institute cf Tochnoio y. — Thin project 

/ 

vns directed by Dr* D* . • Had,per* Other key uo.-oetwcl ernyei vender 
contract tV7*lCl«*cnf3 arc liotod in Appendix T* 
c« Ohio .Stake University* • 
a.-. 6 dirnct^d by Dr* A* L* Korns# 



Doric at Ohio hix»t^ University 



t'Aimmn district history 


Door ii - a^jnoac djppxior (K-ac) project 
VOLUME 2 • RESEARCH 
APPSHDIX "A" 

COITCIACIB 


So. Title 

1. OSRD Prim© Cootmoto. 

2. Uuohattan District Prime Cod tracts, 

ft. S u bco n tracts. 

Die following list ro?recocts a tabulation of prise 
researoh oontmota attributable to the K-25 Pro^eot with the ezolusion 
only of oontmota pertaining to the opoolal ohoedoalo progranj the 
latter oontmota are treated in Book VIZ* Coot figures are effective 
aa of the end of the f local year 1040. Subcontract oootc aro 
included in the prime oontmot figures. 

Contract type la tabulated in the first ooluon and 
denoted by a numerical oode, the key for ehiob in as follows t 

(1) Architect-engineer services. 

(2) Cost plua overhead. 

(3) lap cum service. 

Method of letting is tabulated in the eeoond oolusn and 
denoted by a numerical oode* the key for uhloh ie as followBi 

(1) Negotiated by Colmbla Area. 

(2) Negotiated by District Engineer* 

(ft) Negotiated by New Tork Area* 

(4) Negotiated by Hew York and Dooatur Areas* 

(6) Negotiated by ttadlson Square Area. 
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i 

<'olunbia Ualvaraity 

1 July 1941 

Sow Tork, «• 

Y* 
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9* »T* bllou Ooapaay 
li January 194S 

Joraoy City, 
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Coolo 

pilot 

noat, 

ratio 

0£3«r-4U 

Colunbia iTnlraralty 

1 laoanbar 1941 

Hov York, 9* 

Y. 

Sapan 

dlfflM 

E-SI 

CEMar-664 

Ohio Stato Uaiaaraity 
Raaaaroh Foundation* 

3 Auguat 194S 

Colunbua, Ohio 

Prapa. 
aaapli - 


deleted 
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’JOTS* All a bora irt ooat-plua a wrh wd omtnoti* 

All *«n o«(otltt«d by tha Sucutir* Siorttory, C8HP* 

All contraota art ooaplotad* 

Total ooata aro {1,397,860* 
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08HD PSDQt COHTRACTS 

home ofhcb OP SCOPE OP TORE 

CONTRACTOR 


Sow York, K. T. 


Jersey*City, S* J« 


Sow York, I. T. 

Columbus, Ohio 




Investigation of the diffusion msthod 
for separation of lsotopos of urwnlua. 


f* 

Design, construction t&d operation of 
pilot plant and development of equip¬ 
ment, materials and aothods of ope- 
ratloa of a largo plant* 


Separation of Isotopes of uranium by 
diffusion procossi also various non 
1-26 projeota* 


Preparation and purification of 
samples of speoifled fluorooarbons* 


DELETED 


cost-plus overhead oontreots. | 
tinted by the Executive Secretary, OSSDoj 
are ooapleted* [ 
re $2,397,860* 
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CONTRACT NO. 

TTPf 


OF C08TFACT0R 
SFPSCTm CATS 
b'L'THOC OP LSTTIfO 


HOKF OF? ICE OP 

CONTRACTOR 


iJUKiiTTA'J DISTRICT FtUB COl 
SCOPS OP NOSE 


S-740I-MS-68 

(1) 

Voorhoeo, Foltjr-ntUnr 
and Smith 

19 July 1948 
(1) 

, .low Tork, S. Y* 

Preparation of nooooaary da 
spoolfloatlena, oto, and toj 
tuponrltloo to ooovert oortj 
promiaoo to a roooaroh ldbo( 

»-740l-eot-«3 

(8) 

Con*took and Reooott, 
Ino* 

18 August 1948 
(2) 

Cambridge, Mom* 

i 

Roooaroh, development and ii 
opoetloa «ot* ' 

i 

1 

j 

i 

* 

1 

rt-740l«en£-8S 

(I) 

California Iastituto 
of Taohnology 

1 July 19a 
(») 

Pasadena, Cal* 

1 

Condnot aorta in otudloo and 

experimental investigation# 

.i 

\ ! 

ff-7401-eng-80 

(3) 

Voorhees, Folij-ihlktf, 
and Smith 

4 October 19M 
(1) 

, Moo York* S* T* 

Furnish nooooaary lnapootlo 
surveys, roooaaondatlono^ a 
for 3 Ad projoot. 

5 ! 

Roooaroh aad dmlopaatk of j 

d-7406-eng-50 

Columbia University 

Nov York, T* 

(3) 

1 ’Jay 1948 

(X) 


proaooa,for aopauratioa of il 
uranium* 

*-7406-onc-74 

(t) 

Purdue Roooaroh 
Foundation 

1 *y 19U 
(2) 

Lafayotto, lad* 

Furnish faoilitioa and para 
train personnel* Conduot a 
atudiao and experimental ii 

B-7406-Mg-Bt 

(8) 

Battollo ianriftl 
Tnotituta 

18 April 19a 
(4) 

Columbus, Ohio 

Conduct oartaln studies and 
lnvestlgationo* 

*-7408-eng-95 

(8) 

Ohio 3tato UhlToralty 
Roooaroh Foundation 

1 Jkily 19a 
(1) 

Coluabuo, Ohio 

Continuation of work undor < 
OB/ar-654* 

.j-740$-*H£-98 

(8) 

frlnooton University 

1 JUly 19U 

(1) 

'Ylnoeton, S* J* 

Fundamental choaloal atudla 
barriers and barrier aatorli 
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100,000 


280,000 
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S* Qrgonloot&on abort* Ooludbl* Aroo* S Ocrtobor 1M4* 
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0* 6yl<ywmt (fc'ONtii* GoIwMa Aroo MS Oontrootoro* 

6* Orgmiootloo abort* 0AB Labomtarioo* Corbldo and Carbon 

CbMdools Corporation# 01 April IMS* 
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Engineer 
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Gaseous Diffusion (K-25) 
Project 



Coluahia Area Engineer 
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Columbia University CEMsr-412 

Columbia University W-74Q5-®ng-50 

Western Electric Con?)any 

(Bell Telephone Laboratory) QERsr-1125 

Western Electric Company 

(Bell Telephone Laboratory) W-74Q5**«ng-142 

Ohio State University W-7405-ehg-95 

Princeton University W-7405-eng-98 

Interchemical Corporation W-7407-eng-25 

Carbide and Carbon Chemicals Corporation 
Supplement 4 of W-7405-eng—26 


New York Area 


tineer 


M. W. Kellogg Company GBMsr-i|06 

M. W. Kellogg Con?)any 

(Kellex Corporation) W-7405-eng-23 

Carbide and Carbon Chemicals 
Corporation W-7405-eng-26 

California Institute of Technology 
W-7401-eng-63 


Madison Square Area 
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Line of Authority for 
Research and Development on 
Gas Diffusion (K-25) Proiect 
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and 

Security 


Property 

and 

Procurement 
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2 Enlisted Men 
27 Civilians 
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- 
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- 
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25 
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Columbia Area K-25 Contractors 
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PHOTOGRAPHS 

1Itii 

Hpiragmatloa Furnaaa with Haatlng Ball la poaitioa, aa 
opurttad at tha Soharoarhom Pilot Plant far Haat TTaating 
Barriar. 

Intarior ilm of Rj rdro ga natloo Furoaea with a Baal of 
Barriar Matarlal in plaoa. 


deleted 



DELETED 



Iftl 

13. 

14. 
/ 15. 

16 . 

17. 

15. 


mu __ 

DELETED t ) 

Om Burial Blover. 

Weatinghouao Modal CS-Y Om Bearing Blower. 

Front Flaw of Pilot Plant No. 1 (Coda Nanai Gertrude). 

Boar flow of Pilot Plant Vo. 1. 


19. Pilot Plant No. 1* ahoving a front viav of tba Tvelw- 

Btage Caaoado aa fir at aaaeohled in tha Pupia PhjraiM 
Laboratorloa of Colunbia ttaivoraitgr. 

20. Pilot Plant No. 1, ahoving a roar Ylow of tho original 

Tvelvo-Btage Caaoado aith T>pe B Punpa mounted aa a 
Coonon Crankahaft. 

21. Roar viev of Pilot Plant No. 2, ahoving throo Typo N 

Punpa. 

22. interior View of Pilot Plant No. 2, ahoving Diffuaara 

and Proaauro Tranaoittere. 

23. Pilot Plant No. JA # ahoving a viav of tho Main Ihatrm- 

aant Panel. 

24. Boar viav of Pilot Plant No. 3*» ahoving tha four Yap 

Btagoa, and (in tho foreground) tha Motor Coolant Cir- 

Hf****- 

25. Pilot Plant No. JB, ahoving Btagoa 2, 4« and 6, typo 

CS-Y Om Soaring HLovera, Blovor Repreeaurlng Syatov, 
Nhitohoad Diffuaera, Burgo Druv, and Hoat Bxabangora. 

26. Pilot Plant No. 3B, ahoving Btagoa 1, 3# and 5# Uovora, 

Diffuaara, Control taotrumenta, and Sampling Manifolda. 


27. Viav of Vaauoo Bnginooring School, ahoving Studonta 

examining Sleetranio Equipment uaad in Look Dot anting 

Apparatua. 

* 

2S. Yaeuuv Bnginooring School, ahoving a Look Dotootor and 

and a Puvping Wagon being Maooblod. 
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S2jl liUi 

29* Vmuub Engineering School, showing tho tfoaa Spoctroootor 

Look Dotootor. 







COL Rjrdrogenation fnrain with Hooting Beil in position, 
m oporotod at tho Sohonoorhom Pilot Plant for Host 
Trotting Barrier* 










C2 Interior View of Hydrogenation Furnace with a Reel of 
Carrier Material In place* 
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Q5 Gcb iv**ring Blower, This is the first gas bearing 
nodsl, It was constructed at the fupin ihysios 
Laboratories of Columbia Jniveraity. 
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CM Testlngiouso !M*1 CST las String nlowr* 

Ihs auxiliary apparatus is bolag ussd to task* 
lift test studios of blo ws porfornanoo witfc 
proooss 3M* 






















07 Front View of Pilot Plant l.'o. 1 (Coda Nanai 



Gertruda). 








C10 Roar View of Pilot Plant No* 1. 
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BACK 


CELL HOUSING 


OVED 
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C19 Pilot Plant No* 1, shoving a front view of ths Twelve- 
iitaga Cascade as first as sealed in ths l upin i hysics 
Laboratories of Columbia 'Jnivorait/. The diffusers, 
pressure indicators, piping, and valves are shown. 
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C2C Pilot Plant No. 1, showing a rear view of ths original 
Twslro-Stage Caaoads with Type B lumps mounted os s 
Common Crankshaft. 















021 Hoar rl«v» of Pilot Plant No • 2, showing thro* Typs W 
Pumps. 


0 k n t 
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C22 Interior View of Pilot Plant No. 2, showing Ciffutara 
and Frwssura 'franamittora. During operation, ihs 
diXfuawa ars iiouaed in a constant taaperatura chantbsr. 
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C23 Filot Plant No. 3 A » showing a view of the Uain Instru¬ 
ment Panel* 
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I 
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C24 Hoar view of Pilot Plant No* 3^. showing the four Top 

Stages, and (In the foreground; the '.lotor Coolant Cir» 
oulatlng Systen* 












































C25 Pilot Plant No. 3^» showing Stages 2 t 4* and 6, Type 
CS-V Gas Bearing Blowers, Blower Repressuring By stem, 
xhitehead f Iffusers, Burge Crum, and Heat Exchangers. 


I 





C26 Pilot Plant Mo* 3^» showing stages 1, 3# and 5, Blowers 
Diflustra. Control Instruments, and Sampling Manifolds 










C27 View of Vacuum Engineering School, showing Students 

examining Electronic Equipment used in Leak Detecting 
Apparatus* 





C 28 Vacuum Engineering School, showing a Leak Detector and 
a Pumping ITagon being assembled* 












C29 Vacuum Engineering School, showing the Mate Spectrometer 
Leek Detector. 
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SOb e o a traot Bo* 1 «n0er eontraot B*7406*eag*119 with the 
BoudalUo^lerslioy Osrpsratloa* Umhettan District Claeei* 

fled Contraot Piles* 

► 



Roforono© 


Briboontraot Bo* 8 under contract W-7406*bng-l49 with the 
nouaalilo«ftorthoy Corporation* Honhattan Dlotriet 
Claaoified Contract Piles* 


Contract W-7406*eng-66 with the Houdaille-tferohey Corpo* 
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Statue of lfletellographio Xnveetlgetlono of Eleotroniokel 
Barriore • 0* E* Pellleler • 14 Ootobor 1948* 1UD*T*R* 
Pile Bo* A-1210. 

Eleotron Ittoroeoope Study of Barrlor Btruoturo • L* f• 
Soman and S» C. Eldnnor. • 1 fcwribor 1944* K*D*f*R* 
m* so* A-816S* 

Bibliography on tho Pfayoloal Prope rti es of Qranlm 
Hexafluoride* Bo Ion Johnston • 18 July 1944* K*D*T*R* 
Pile So* AM897* 

Bibliography on tho Chaadotry of ttnaaltn Benefluorid* • 
Bolon JQhnoton • t9 July 1944* M*D*f*R* Pile SO* A*8100* 


DELETEO 


Meehaaieal Booting of Barriers * 0* Book • 13 Ootobor 
1948* M»D*T*R* Pile BO* MSS. 

fboroal and Blootrloal Properties of Barrier notarial« 
A* K* Boyor ot el* • 18 Amuaiy 1946* B.D.T.R. Pile 
Bo* A-8B00* 


Dft, 


DELETED 


b(s) 


Report for &* 
1944^ K.D. 


for IMS P eoe dber 1944 • W* P. Libby • 89 P eo en ber 
, K*D*T.R, Pile Bo. BM409. 


Standard flyotsa for Basting Diffuei— Barriers • B» ferigy 
OtAl* 17 August 1944* H*8«r*B* Pile BO* A-81B4. 

Berftoar of Barrier S e par ation theory * V* 0* Pollard and 
A* A* 4e Bothina • BO fioooobor 1944. M.D.WU Pile 
BO* AM194. 

Oaneral Bleotrlo <a« 4nalya*r m Mario Antonual • BO 
Deo—her 1944* M*T>.f.R. Pile Bo* A-81T8* 


r 


Reference 


Rapid Separation Baasurenenta en Full Length Tribes • 
Richard H* Bernstein • 27 Ootobor 1044* )'«D«T«R« Pile 
Mo* A-CJ47* 

Standard Diffusive Msasuronento on Short Tubular Barriers 
W* A* Sohnelder* R# Bernstein* and I>* Trauger • 1C June 
1944* l!#D«T*R. File Be* A-S187. 

Bibliography en the Oorroelra Action of Buies Ben* 
fluoride* Fluorine# Hydrogen Fluoride# and Fluoro* 
oarbons • Bolen Johnston - IB Septseiber 1944* kl*D*T*R* 
Pile Bo* *4101* 

Fluoreoarbon Oils • w* T« Hiller * S January 1946* 
K*D*T.B* File Bo* A-81BS# 

fleets en Crane TUlvea with HFR^lO Seats • 8* Tiener# 

F* L* Alexander# and C* S* Clark • 9 February 1945* 
U*D*T*R* File Ho* A4322* 


Purchase Orders by SAK laboratories under Contracts 
OElhr-412 
and 

W-740B««eng»<50 with Colvnhla University* 

Purchase Orders for Spoolal Pressure Tranealtters under 
eontraot 0BUsr*«lt end *»7406-eag-60* 

Contract W*74lD-eng-40 with Qsneral Rleotr&e Company for 
furnishing Differential Pressure Panels and Transmitter*' 
Ifcnhattan District Classified Contract Files# 

Contract H»T41 0 «eng« 63 with amoral Klee trio Company for 
fumlohlng Maos Spectrometers and Leak Deteeters* 
Mkrihattan District Classified Contract Files# 

Contrast M*74©5«eng«*71 with tenoral flee trie Cenpany for 
furnishing Recording das Analysers* Manhattan District 
Classified Contract Files* 

Contract W»7418«ang«&4 with tty lor Znstrunont Compeiy 
for furnishing Prooecs Plant Xnstnewnta# Manhattan 
District Classified Contract Flics* 

Contract W»7418«ang-82 with Bepriblio Flow Meter Ccnpany 
for furnishing Magnetically operated Control Valves* 
Manhattan District Classified Contract Files* 


Contract W-7407-ang-34 with Ford, Bacon, and Davie for 
the operation of the K-25 Conditioning Plant. Manhatten 
District Classified Contract Files. 

Contract tr-yA0$-eng-26 with Carbide and Carbon Chemicals 
Corporation for the operation of the Diffusion Plant. 
Manhattan Dietriot Classified Contract Files. 

Contract W-741B-*ng-18 with Crane Company for furnishing 
Special Process Valves. Manhattan District Classified 
Contract Filea. 

Contract W-7405-eng-34 with Allie-Chaleera Company for 
A.E.M. services for proeurenent of equipment for a plant 
to Manufacture eentrlfugal pumps for Process Plant. 
Manhattan District Classified Contract Files. 

Contract #-740$-en&-62 with Aliie-Chalmers Coayany for 
design and development and Manufacture of Pumps and 
Drivers for Pilot Plant. Manhattan District Classified 
Contract Files. 

Contract W-7405-enp-63 with AUle-Chalmers Company for 
furnishing Pumps and Drivers for Diffusion Plant. 

Manhattan District Classified Contract Files. 

Contract W-7423-enc-U with Whitehead Metal Products 
Company for plate diffuser a for purge system. Manhattan 
District Classified Contract Files. 

Contract W-7401-sng-l4 with Linde Air Products Coop any 
for design and oonstmotion of a plant to produce niokel 
oxide. Manhattan District Classified Contract Files. 

DELETED | 


Smith Corporation for 
furnishing Process Css Coolers. Manhattan Dlstriot Classi¬ 
fied Files. 

Report on Discussion of Contracts at Columbia. M.D.T.R. 

FUs No. A-3256. 

Minutes of "Masting Held on October 16 in Hoorn 776 on the 
8 Stage" - C. L. Binfier (Kells*). - 2o October 194}> 

Kells* Files. 



Contract w-741$~ent~35 with A. 0. 



Vo* jtfwpw 


OS* Final Boport on Contralto 0TU«r*106* 0CUbi*«*107* OEHor-192, 

CBMor-418* and Aooooioted fldbo on tr o ot o . fi* 0* Broy • 
to FObmaxy 1044* Columbia Sorial So* 100 tift-556* 
B*D,f.R* Ftlo Ho* 1*1988* 


M# 

86* 

J ' 


Barr lor Bpoolfloationo Book by fho bU»x Corporation* 

SAP Boport dated 14 fey 1945* SAM #10888 (ACR-190) by 
Dr* 0* lb Harphy* "feaonolaturo of Barrier and Sorrier 
Material*" fi 


96* 


97* 


Prolixduary Boport xmdor oontraot B*T401««ng*d3 with 
California Inotdtute of tehmlttgr* * Biobard B* 
Badgor * 80 September 1948* Columbia Borial Ho* 
too n-wtt. M.C.T.E, m» *», _ 


DELETED 



98* 


99* 

100 * 

101 * 

108* 

ICS* 


B* Ooldotein* Bor* From* Akad* Wioo«* Hoi* 89* p* 091 

(1886). 

w* non* Asm* d* Pfaye ik* Tol* 86* p* 440 (1898)* 

J* J* Busman* Phil, feg** Tol* 15* p* 861 (1907)* 

A* J* Boqpoter* Ftefo* Bov** Tol* 11* p* SIC (1918)* 

Tol* 10* p* 881 (1988)* 

F* W* Aoten* Phil* Hag* * Tol* 88* p* 707 (1918)* 

Tol* 89* p* 449* 811 (1980)* 

F* H* Aoten "Moot Spootea and lootepoo"* Longrans* 
tenon* and Canpaqy (1988)* 





BjOF II • aUBEOV DimUION (K-8E) PRO&Cf 
VOUJ1T. 2 - ITJ3KARCR 
APPENDIX ■£" 

DOCttElJfcJW KJCIIBIfC 

no. mio 

l* tSinutoa of Mooting hold 1C January 1944 At 

DMttur f XUlnolo. 




THt tU* fiN«IM«Cft 


t» nr*.r avu to EIDM DFC-*1 


WAR OCRARTMCNT 
MANHATTAN KNaiNKCN OWT.— 

DWATU* AOKA 
P. O. BOX 14* 

OSCATUM AO IkUNON 



Minutes of Meeting held 16 January 1944 at Decatur, Ill. 
Those present were! 


Aragr - Brigrdier General L. R. Groves. 
Lt. Col. Janes C. Stovers 
Major A. Tanuat.ro 
Captain John E. Bremen 
Lt. Hotter D. Ralker 

Bo udallle-Hereby-■ O e r pe u'e+lum 
Mr. Co G. Oetler 
Mr. Don S. Devor 
Mr. Sanford Brown 
Mr. Paul E. Deris 
fir. J. K. MacLennen 
Vr. ft. L. Pinner 
Mr. R. C. Smith 
Pr. A. K. Graham 


Keller Corporation - 
Mr. F. C. Keith 
Mr. A. L. Baker 
Mr. P. B. Gordon 

Columbia University ~ 

Dr. Harold C. Urey 

Union Carbide & Carbon Comity 
Dr. Merrill 
Dr. George Felbeck 


1. Invent igetional by E.H. 

Major K (not to be interfered w/by the minor) 
Minor A modified in ary way E.H. desires 


2. Construction 
Build for K. 


3. Plan for K. process. 


K investigational in N.Y. in present org. headed by Taylor. E.H. to furnish 
everyone needed to fill in that organization. 

i 

Const, and process changes to be worked out by Kellex w/E.E. advice. 

Stop production of c.ll unnecessary equipment et once. 

HK. to continue in present position. 

UCC to take overall supervisory position, will tie everything together from 
beginning to end. Ultimate veto power over differences of opinion within 
overall directives of Kellex as to required specs and deliveries. To be worked 
out in detail by UCC and Kellex. UCC will secure powders, blend, manufacture 
sheet and furnish to E.H. 

Kellex to coord, product %/ Chrysler and site rnd other outside agencies. 

?tov»ers to be responsible for.delivery priorities and ay failure:; on hir> part 
to be reported at once to me or Mrs. O'Leary by phone. 


ILilOAran DISTRICT HIS TORY 


BOOK II • (ksnous DIFFUSION (K-8G) PROJECT 
TDLWE 2 • RESEARCH 
APPEHDIX m F" 

GLOSSARY 


j- ffsns Definition 

Alnloo • a hitfily Magnetic Metallic alloy containing M46 per amt 
nlokali B»1S par sent altuimn* and S»10 par aaxxt 
aotalt* 

C4144 • a hl£ily flneriaitad lubricating all suitable for via in 
contact with f luorlne ar uranitn heocaf luorlde 
(Book Til)* 

Chain raaotion • a raaotion which p r occede in auoh aaanar that 

minute* fundamental* a o apana n t entitle* raaat with 
ana another in anah a nay that ana ar nora af the 
praduata raaulting free aaoh fundamental raaotion 
aota as a reagent to inititata an idantioal raaotion 
in adjacent dollar notarial* Xf the products 
resulting from a specified mater of fundamental 
reactions sane* the initiation af an aftal (ar 
greater) inter af secondary reactions* the chain 
reaction is said to he self-sustaining ar (Multiplying) 

Komr • a Metallic alloy os ad in faming natal to glass joints* A 
typical analysis would ha t9 par aont nickel* 17 par 
cant cobalt* 0*8 par aont Manganese* and a traoe of 
iron* 

DELETED 


MF?*»10 • a hlgily fluorine ted plastie sate rial suitable far use in 
contact with fluorine ar uranium hexafluoride 
(Beak Til). 

Kuolear fission - the praosss in which the nucleus af an a ton is 

split into several parts which are af the sane order 
af Magnitude* as distinguished free a process in 
whioh a snail part af the nucleus* af weight equal 
to only a nail fraction af the total auoleus, is 
split off* 


ftrc Definition 

Poly TFl - e special f luorlnated plastic resistant to uranium ham- 
fluoride and fluorine# and oonalsting of a polymer 
of tetrafluoroethylene (Book VII), 

Radioactive decay constant • a nunerloal quantity used to express 

the Intensity of radioactivity of an element# Zt Is 
mthenatloally defined as tbs ratio of the aster 
of atone decaying per unit time# at a gluon Instant# 
to the number of atom present at that Instant# 

^ SAT 62-100 steel - cue of a large nuudur of e tee Is specified for 

a particular use by the Society of Automotive 
Engineers# 

Sylphon - trade name for a particular type cf corrugated metal 
bellows# 

deleted 

lyoor glass - a oomnerolal glass of hi# silica content# 
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BOOK II • (HSDGUS DIPPUSION (K-26) PROJECT 
VQL0HS3 t • RESEARCH 
A’VEJDCC "(f 
SET PER30HK5L 

So. Title 

!• Soy Panonntlf Columbia im« 

t* Bay Porsonool* BAR Inbcaratorioa. 

I* Bay Poraonnol* Ball Valophoao kbrntoriM 

4* Bay Parioanol* Prinooton tfalwralty 

St Bay Par*onnal# Kellaoc Corporation (noaaaroh only) 

6* Bay Poraasnal* Intorchoadoal Corporation 

T. Kay Peroonnol* California Institute o P TOohnolo-y 




Hough. Major B. K. Jr. - Area Engineer from March 1943 to January 1944; 
admiriistration of research contracts under” the Jurisdiction of the 
Colmuia Area. 

brorene. Captain S. H. - Technical Advisor to the Arer Engineer on 
matters pertaining to scientific research and development from 
June 1943 to February 1944. 

Gamba. Certain C. C. - Executive Officer from May 1944 to July 1945J 
aa&lated in the administration of contracts, end the supervision 
of Area Office activities. 

Grot .Ian. Captain L. L. - Executive Officer from June 1942 to January 
1944. Area Engineer from January 1944 to 1 July 1946 ; responsible 
for administration of contracts under the Jurisdiction of the 
Columbia Area. 

Hicks. Captain K. J. - Executive Qiiicer; assisted in the administration 
of contracts, and the supervision of Area Office activities. 

foike. Ca ptain C. ft. - Technical Advisor to the Area Engineer on matters 
pertaining to scientific research end development from February 
1944 to November 1944. 

hosenblum. Cantsin C. A. - Assistant to the Area Engineer, Men York 
Area; reec&rch ohe 1st directing Kellex and SAP laboratory group 
on barrier development and quality control problems. 

Mawhlnne-v. It. E. J. (U.S.K.h.) - Assigned for duty to the Patent Ad¬ 
visor, Manhattan District. 

Obcrholtaer . let Li. A. V. - Aaoigned for duty to the Patent Advioor, 
Manhattan District. 

fond. 1st l.t. E. C. - Assigned for duty to the Patent Advisor, Manhat¬ 
tan District. 

ftelsh. 1st It. H. K. - Assigned in September 1945 by the Manhattan In¬ 
telligence and Security Division to Columbia Area, directing Area 
lritelliger.ee and Security Section. 

Allan. 2nd It. G. S. - Assigned by the Manhattan District Intelligence 
and Security Division to Columbia Area, directing Area Intelli¬ 
gence and Security Section, from January 19^4 to June 1945. 

Callender. M/bgl. J. K. - Special Ae&iatar.t to the Are.'i Pnginter; 

Project Architect; prepared S}®cial report b for the Are' Engineer; 
controlled issuance of special process materiida t .< contractors. 



G1 





Pzlurzmaki. U/i>ct. J. I. - firected the Property, Procurement and 
Lquipaent Control Section; s&inteiucd property records Tor the 
Are« Office end for contrectors. 

D-P.Qilvr.r-P.1 - Supervised administrative sections oi’ the Area Office; 
Chief Project Auditor performing final audit oi. contractors* 
vouchers. 




KEY FTJEO^TuL, S/-V UBOfcAICMES 


Adler. Dr* Edward - 


DELETED 




__ - Supervised researah on methods for the mechani- 

cal testing of barriers; January 1943 ~ December 1944* 


Blanchard. Dr. Edward R. -/ 



DELETED 


&£* Pr> ^ P>ort Za m Conduoted research on gas bearing blowers and 
their fundamental behavior and design* 


)j* 

l(i) 


Booth. Dr. Kuaene T. - Directed the work of all physios research groups 
concerned with studies of methods for testing separating efficien¬ 
cy and physical properties of barriers, as wall as assay asthods 
such as mass speotrometero, counters, fission analysis, etc* 

Brown. Dr. Earl H. <- Conducted research on the composition of furnace 
gates and the effect of furnace atmosphere on barrier ductility; 
February 1943 - June 1944* 


Brown. Dp r frfnUjf Br “ Directed the wort: of all applied ehemietxy 

and ehomieal engineering groups oonoemed with barrier development* 

Brown. Dr* Henry - r DELETED 


Cedy. Dr. George H. - Supervised research on ths synthesis of fluoro- 
sarbons; January 1942- April 1943* 

Calllhan. Dr. A. Dixon - Conducted research on teste end measurements. 
ef the flow of uranium hexafluoride and inert gases through bar¬ 
riers. Perf ormed early experiments on high temperature fluorl- 
nation of barriers to increase corrosion resistance* 

pines. Dr. Martin R. - Conducted research on dust plugging and surface 
areas of barriers; January 1944 - January 1943* 

Clark. Dr. Charles B. - Supervised research on plant conditioning pro¬ 
cesses, conditioning equipment and systems; design end life test 
studies an valves; experimental operation of pilot plants* 

Coe. Dr. James R. Jr. - Conduoted research on the uae of fluorocarbon 
oils as lubricant in the presence of uranium hexafluoride; 
December 1942 - August 1943* 

Cohen. Dr. Karl F. - Directed tfrie fundamental theoretical and mathe¬ 
matical studies of plant design anc! operation; July 1940 - April 
1944. 



02 


« P;» Crahrr-, - /t'itiu-G vie PL.-vctc in directing and coordinating 
oil research end development studies with special emphasis upon 
mpjor cdunistraLive prooletis. 


Leuir_IL - 


DELETED 


.Ehton, Dr. K. Jarrmln - Supervised all patent work and acted as 
special consultant sad liaison officer between SAP. and Pecatur on 
t’t barrier production* 

t. Dr. Ray H. - Directed and coordinated all reeearoh end develop¬ 
ment studitt conducted for the Manhattan District at the Carbide 
and Carbon Chaticals Corporation, SAM laboratories* 

j?r. Sylvan - fiujwnrised the construction and operation of pilot 
plants for testing barrier performance in isotope separation; 
February 1943 - November 1?44* 

le. Dr. Ltuchlln M. - Assisted and coordinated ell research and 
development, with social attention to adoii list rat.tve duties; 
Associate Director of SAM laboratories, January 1944 - February 
1943; Consultant frau latter date. 


DELETED 

r . Dr. Thxnas G. - Supervised research and development on floe prop¬ 
erties of barriers, miorosoopic arid heat treatment studies; lai>* 
oratory aervloes for the barrier production group. 

rles. Dr. Thomas - Conducted research on laboratory techniques In¬ 
volved in corrosion studies and investigated the behavior of 
rubber when exposed to oorrosive gases; Deoaaber 1943 - June 1944* 

lit. Dr. Thomas W. - Conducted research on absorption and surface 
areas of barriers; January 1944 - December 1944* 

ellan. Khatohik 0. - Conducted researches on the development of dia¬ 
phragmmotors ^starting and stopping of gas bearing blowers, new 
types of blowers Sitd blower bearings. 

nir.g. Dr. John R. - Directed all research and development on mechani¬ 
cal engineering problems, pilot plants, process oj*eretione and 
isotopic methods of analysis; July 1940 - December 1943* Directed 
all re6«arch on the diffusion project at Colombia University from 
July 1940 - Decaa.ber 1941* 

Ln. Dr. Joseph C t - Directed research and development of DA barrier, 
including pilot plant production; March 1944 - January 1945; con¬ 
sultant since latter date. 


Joa 

bis) 


L(s) 


Gil 


_* Concucteu reeearcn and development oi vacuum teat* 

ing; directed school for tiie training of vacuum engineers) Febru¬ 
ary 1943 - July 1944* 


fcc^ctt* 1;. rftul ii. - Directed all chemical research dealing with eon- 
suction, plugging and stabilisation of barriers; with the corro¬ 
sion ^MteriAls and with the development oi fluorocarbons; August 
1943 - November 1944; consultant since latter date. 


faitft. Dr. Charles K. - 

-TT 

.... """" ' . 


DELETED 


Finlay son. D. Kenneth • Assisted in the direction of research and de¬ 
velopment of A barrier; planned and organised laboratory and pilot 
plants for this purpose; March 1943 * January 1944* 



Fowler. Dr. Robert b. - Supervised studies of plant conditioning to the 
corrosive action of gases; November 1943 “ July 1944* 


£ffiSSa. “ Conducted rosearch on A-ray diffraction and electron 

diffraction studies of surfaces of aiaterials of plant construction* 

Gilbertson. Dr. Lrle I. j D& 

CL- DELETED ^ 

SWAtMU EfeaiaUu ai 


Gottschall. Herbert A. - Supervised operation of the A barrier pilot plant; 
July 1943 - January 1943. 


Grosse. Dr. Arlstid Ton - Supervised research on fluorocarbons, on the 

inorga:J.c ohe.’dstry of uranium compounds and on their physical prop¬ 
erties; July 1940 - be os jibe r 1943* 


Hasndler. tr. Halnuth M. - Conducted research on organic and other oao- 
tauinating materials in plant, and special studies on stabilisation; 
developed control methods for carrier manufacture. 


Hama. Arthur C* - inducted research on meolianical problems dealing with 


the r’i<3 bearing blower; July 1944 * December 1944* 
BTrtl.,, DELETED 


kr) 


BSEgtokJXs- Cltfford DELETED 

Cl_!___ 

Heraey. Mnvo D. - Consultant on general lubricating problecio, bearing 
theory arid patent metiers concerned with ti« gas bearing blower; 







October iV43 - January ly4> 


Hick*. Dr, John F, 0, Jr. - Supervised research on oorroaive properties 
of uranium h&xafiuoride, dynamic barrier plug^in^ tests and on 
/iu^rocaiuoiis; aoveu as liaison agent between t*A*J Laboratories 
end tno K-25 Site; Leoe.iber 1943 - January 1945. 


llv»^rd. I hr. Jamas I. - Directed research at Cornell University on sub¬ 
contract for measurement of the X-ray diffraction of uranium hoxm- 
fluoric*©; July l>4i - Jum* 1944* 


fnUda Dr. Dqheld E. - Conducted research on the counting method of iao- 
^ topic analysis; July 1942 - Koveoocr 1943, 


fturley. Carl it. - Conducted research on prooeas variaoles in DA barrier 
production a.*x5 operated pilot plant for thie purpoee. 

Inghraa. Mark G. - Conducted research and development studies on ossa 
spectrometer net hod for assay anc analysis of plant gee mixtures 
and for isotopic abundances In uranium ootqpounds. 

Kaplan. Dr. Irvins • Supervised principal theoretical and mathematical 
studies on plant design# operation and improvement. 

jCcspir. Dr. Jotin S. - Conducted research on physical ohemiatry of uranium 
and fluorine compounds. 


jfaox. Dr. Killians J. - Conducted research on stabilisation of barriers, 
consumption of process gas snd corrosion prooxeme. 


ftraua. Dr. Charles A. • Consultant on problems of the inorganic ohemistry 
of uranium compounds; October 1943 - December 1943* 


j Lageaanrj. Dr. fcobert T. - Conducted research on the development of 
methods for inert gas snd separation faotor testing of barriers; 
July 1942 - November 1943* 


l^v-an. Charles A. - Conducted research on slurry production and testing 
for the D/ barrier pilot plant; September 1944 “ January 1945* 


fraaaettra. Drv JkdkiteiL^. 




OELETEO 



Libby, Dr. ft. F. - Directed wor* of all chemistry groups concerned with 
funda.-ental studies of stabilisation and plut^ini of barriers, con- 
auction of proeeao gas by barrier and plant construction materials, 
and tn« development of new matyritla sue!; as the fluorocarbons. 




I 


Long* Dr. Karl A* - Conducted research on the ther.odynB.alc properties 
of uranium compounds; January iy 42 - March 1943* 

Ivon. ftr. Ashton M. - Conducted research on the dovelofxoent of Kb barrier 
and the correlation of RB production data. 

Mack. Dr. Edward. Jr. - Directed all research and development on the pro¬ 
duction of A barrier, including process control and pilot plant 
production; November 1943 ~ August 1944* 

McMillan. ftr. Mil lag G. Jr. - Conducted researoh on effeots of absorp¬ 
tion of process gas on surfaces in the plant, 

i 

onion, hhrard H. W 

DELETED 


Menks. John R. - Conducted researoh on gas bearing blowers, blower bear¬ 
ings, theory of centrifugal eaqpreseare and the engineering de¬ 
velopment of pilot plants for isotope separation. 

Miles. Dr. Francis T. - Supervised research on stabilisation and plugging 
of barriers, and prooess gas consumption. 

Miller. Dr. Killian X. - Supervised researoh on fluorocarbons and their 
development for uae in the diffusion plant* 

Moore. Dr. Walter J. Jr. - Conducted research on barrier stabilisation 
and consumption; January 1943 “ May 1944* 

Murnhv. Dr. Qeorite M. - Directed the administrative work of the Patent 
end Theoretical Groups and in addition waa responsible for all 
technical reports including their editing, reproduction, distri¬ 
bution and custody* 




Meubeucr. Rail T. P. - C,xiducted research on the development and testing 
of Veals for gas bearing blowers; March 1943 “ April 1944* 

Ksvtmen. ftr. Albert S. - Consultant on heat problems involved in the con¬ 
ditioning of .barrier difl'usera; July 1944 ** September 1944* 

# 

Nlerenbeds. T.llliaia A. - Conducted research on theoretical studies of 
cascades, single stage diffusion units and design of plants for 
isotope reparation; experimental studies of mixing efficiencies 
and barrier separation efficiency* 



I 


! 

i 



single stage systems and on engineering teats of tubular diffusers 
and blowers; January 1943 ~ July 1944* 

Pelllesler. Georre h. Jr. - Conducted research on metallographie and 
electron microscope studies of structures of barriers and other 
msLorirla of plant construction. 

Pontius. Dr. Rex fi. - Conducted research and development studies on 
methods for testing small saiples of barrier arterials for s«p- 
nr at inf efficiency with uranlur hexafluoride. 

^ Priest. Homer F. - Conducted research on corrosion of plant material* 
end on the physical properties of uranlur. compounds: V^rch 1V41 - 
Juno 1944* 


Roberts. Dr. Irvine - Conducted research on correlation of inert gas 
testing methods used in plants with inert gas separation effi¬ 
ciencies measured in laboratory* 


Romanoff. Frank P. / 

T 


DELETED 


Roth. Dr. Walter L. - Conducted reeeurch on sates of eorroelor.. 


huby. T)r. ymarl.fi./ 



deleted 



Scatcherd. Dr. George - Supervised research on theory of gas flow through 
barriers; coordinated and interpreted experimental result* on bar¬ 
rier theory; advised ajid planned new researches. 


Dr. Harold C. - Sponsored or directed all research end develop¬ 
ment studies at thr S*.VI laboratories on the separation of urtnluo 
isotopes by the diffusion method under various government centreds 
with Columbia University; December 1941 * February 1943* 


Ifa ./jrflti .Cl - ’ 

Wsidynhsum. Dr. Bcmhcrdt • 





West. L-r- Kill lam - Conducted research on the oehxvioi of uniitr in 
the presence of flowing wra^iuir. hexafluoride; December ly 42 - 
November 1943* 


Willi amt. Dr. Clarke - bupervieed research on apeotrometrie anti other 



apaoialisad analytical oat hod a, high aao vmm and othar typaa of 
tasts. and high aaouua pilot plant daralopoant raaaaroh.___ 





KET PERSONNEL, JELL TELEPHONE LABORATORIES 


Bam*. Dr. R. JL - Bupwrlaor and aoordlnator of all raaaaroh and do- 
valopaant for tha Manhattan Oiatrlot at tha Ball Talaphono Lab- 
oratorio** 


Ko bo an. Dr. G. T. - Suporvitor of aorroaion, oanaaoptlon and barrlar 
piaffing atodioa* 


st 


DELETED 






• Saportlaad antallorgiaal and aioroaooplo studio cn 
Jar natoriala* 


Ihlto. A. H. J 

<L 


DELETED 


D&S t (?) 




I 


M w ^ 
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ESI FER80HBEL, PRBfGETOM DNIVEKSITT 


CMBfaa. Dr. C. D. • Coordinator of Prinooton Unlroraltj barrior ro* 
ooaroh actiyitloa. 

/>rii. Dr. 0, 0. - Directed roooaroh work on barrior proportion, and 
deviaed and eupervieed now eaperlaental toohniqaea, 

Tarlor. Dr. H.8. » Supenrlood and dlrootod all raaoarab and dorolop- 
nent etudlee oonduotod for tho Manhattan Dlotrlet at Prinooton 
Qnlvorolt/ on barrior production and woo* 

Twrkorloh. Dr. - In charge of optloal otudloo and tooting. 



" ■- 


SLtt 


KST PERSONNEL, XEZLEZ CORPORATION (RESEARCH OKU) 


Abbott. T. A. - Inst rum e n t Engineer. Participated in the rtrralnjunart 
ef several unique praamire, temperature and flow measuring and eon- 
trailing devices* 

Arnold. J. M. - Diraator of Kallax raaaareh and development. Super¬ 
vised and aoordinatad all raaaareh and development studies and 
other technical phaaaa of work under 06RD and Manhattan Diatrlet 
aontraeta. 

Baker. A. L. - Project Manager in eh ergo of general adalnletratlon and 
mechanical engineering - Manhattan Diatrlet eontraot. 

Banedlat. Dr. M. - Engineer in eharge of Proaaaa Dealgn. Planned aueh 
of the experimental work an barriers, corrosion, pilot plant, aold 
trope, vacuum puapa and eoolere under 06RD and Manhattan Diatrlet 
aontraeta. Carried eat all the fend—ental nathanatieal atudlaa 
ef the diffusion proaaaa and eatabliidied the baaie principles open 
tfiiah the desifi of the plant la founded. Alao developed the pro- 
eaae deaign for the entire plant and oaariLUarleo excepting ntllltlaa. 

g^fgaJB Ca • Conaultant Chealet. Critically reviewed ooeantlall/ 
all phaaaa of the raaaareh and development workj aided in netting 
ef epaeifleatlene and proeedurea for large eeala manufacture ef 
apaeial natarlala and continually lnapeated and eonatruetlvely 
erltieiaed ahaniaal aapaeta of aueh aanufaeturlng unite and af the 
large diffualen plant* 

Hobbe. J. C. - Ganaultant Maehanlaal Engineer. Davalepad a eaeplete 
line ef valvee af unique deaign for vaauun aarvlaa. Developed 
apeelal axpanalan Joint and deelgned eavaral nodale ef aaall eeala 
diffualen unite. Alao eonaulted an a variety of ether devalepnant 
problana. 

lecklna. W. A. - Engineer in eharge ef cleaning* Supervised develop¬ 
ment ef mid application ef cleaning methods. Alao euperviaed de- 
vdapawnt work on nickel plating* 

Jacobs. Dr. R. 1. - Physicist. Davalepad vaeunn teatlng taehnlquaa and 
apeelal vaauun equipment wider OSRD and later under Manhattan Die- 
trlet aontraeta. 

John s on. Dr. C. A. - Reeearah Engineer* Davalepad barrier eventually 
need in plant. Alao euperviaed aueh of the experimental work an 
oorroeion, pilot plant, cold trape and coaler under OSRD and Man¬ 
hattan Diatrlet aontraeta. He alao euperviaed equipment development 
teate in conjunct ion with large plant operation. 

^alth. P. C. - Viee Proeld ant and Exaeutive In Charge of the Kellex 


05 


Taylor. H. 8, - Conoultont Ptgraloal Qhudot. Coordinated laior work on 



barrier derelopaent of both Kellox and SAM Laboratorioa which led 
to the product orentualljr used In plant. 

Watte. 0. W. - engineer in charge of puap department. Suporvlood all 
derelopaent work on apodal process puaps including Allie-Ch&laere, 
Vs Hay Iron and Elliott Models. Also supervised perfomanoe tests 
at factory and plant. 
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KB PERSONNEL, OTKRCHKMICAL CORPORATION 


MUflin 3b fi • Dorolopod nathoda for Mount* olio iotoadnotloM an 
natal yMin| oloo aootlonlng nathoda and toahniquaa for olootron 
niaroaoopo obhmiI nation of tho intorlor and oorfaoo of barriora* 

flEL PTi Pi Mi * Aaaiatod with ouporviaion and ooordinatien of all ro- 
ooaroh and daro lo p n ant atodioa for tha Uatrlat at tho Boaoarah 
Laboratorioa of tha Zntarehaniaal Corporation. 

Oaaaiar. Dr. i. 1. • Auporriaod and ooordinatod all roaoaroh and dovol~ 
apnant atudiaa oonduatod four tho Manhattan Biatriat at tha Roaoaroh 
Laboratorioa of tho Intarahanioal Corporation. 

Croon. M. - Syporriaod niaroaoopia work in oonnootion with roaoaroh an 
natal pandora* 
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CALIFORNIA HST2TOXK OF TECWOLOGI 


m nSRSOWOSL, 


rtflftri PTi L Mi ~ Bvpanrtaod and ooordinatod all roaoaroh aonduetod 
at iba nJifonU Inatitvto of 


(L 


IWahaolegjr* O rialnatod and 
aathoda for tha otodr of borrlar notori al./ 

DELETED 




Dr. p, - Ceaaultant an tha dotamlaation of poro a lot la 


je 

i(i) 


Lora bjr nao of fradod oollaldal partleloa* 




V Ti 



Absorption spaotrun af prooaos 
&*$ U6 

AhM| W. A«f 8*10 
Aloohol# 4*t8« 4*81 
Allla-Chalaors lluiuflaoturlng 
Oaf«qri Mi 8«10 ff| T«8 
Alnloo# 6.? 

Alp!* radiation. ff 
■^Aaorioan U rn 0Mf«Pi 4.18 
Aoorloan Cbiolo Conpoigr, 4*10 
Jnsrlaaa XMm Bofsoao Corpo¬ 
ration. Ml* M> 
limtii 4.K* M 
iaasooBi Osppor OtDpuqri 4*16 
Am turiimr, U#1 
Atom# 14 
Argoot I4i !»18 
Altai Fi W.# I4| 84# 4*8 


Book diffusion# 84# 8*6 
Book pmiu r i f 8*4 ff $ 4*8 ff 
takgrraid sffsot# 648« 6*86 
Mg*! li 14# 114 
Baird AHoekta. 4*84 
Bakollte 0 aspi rati on, I444i 
4.18 ff 

BAter 8 * 4*1 Ctaptiy# A %• 
4.8*440 

Bandar# I4i Mi M ff 

•fovjkrifffS* ** w 

K*) ' SSI_Jjp 


I4« 4*81 
®* typo# *o4 

Bsrrlitadlor (aw Barrftor# A) 

Patching, 4*80 

r orfora a aoa, M» W 

PlngglBgi 4.8# 4.M# 8#6# 6*8# r / \ 

’deleted- z> *** **' 

Porosis## Mi 4*6 
Pssdsr nftsfesl# 8*8# 4*8 ff# 4*80 



ipNOnnwi; 4#fTtf 
Itattnc# Mi §4 


Mbs MrtatH M# 4*18# 4|W- 
4#84# 4#88 
BA# 4fl 

11^447 f f. T4f TAJA M o^/ n 

JETED ZJ > i(3) 




Battalia ImriAl Institute. 4#18 


ItAoMtaM OttiyiQjr# me 
Boll felaphons llbtatayi 8#8# 8#8i 
4# 10# 4#II# 4il9# 4.88# 440# 114 
Bssylllttl# <#81# 8#88 
Irata Corporation# 4.16# 441 
Blowout promoter# 84# 8.18 ff 
Bolonotem# M6 
Bom#. h. Am 8.1. 114 
Booth. il. r!Tu 4»| 11.1 
Bmnd Bi o ta Plant# 4.18 
British laiipai 8.11 
British tonsils Wbbor# ##W 
) British soiontiste# 8.104.11. 4.8 
Boras# B. M.# 11*4 
Butyl rdbfeor# 8.88 


bP‘ 




DELETED 


DELETED 


BA# 4.14# 4.1? ff. .4.18, ?4i M, 

_7,fl#84# M _ ✓ 

DELETED ) ^ California Institute of tOohnology# 

/ 8.6# 44# 1M 

treating# 84 , Oaqpboll Caapany# A. 8«# 442 

M (soo Barrior# BA) \ 


k'>i L., 








Owl nyii M 

Carbide and Outon Chwlmto Corpo* 
ration, t*t4«8| itBi 4*17 ff, 
4«H| 6#9| 1(12 ff| 6f3| 6«18| 
<«I5, 7.8, 1UI| 1U8 
Outaif Mi 6.84, 6,83 
Oftrtoo dlooddi, 4.X, 4.8, 4.80, 
6.14, 6.10, 8.8 
Ouoadi, 6.6, 8.9 
P»g», 1,194,80. 8.8, «48 ff 
Ctein reaction, 1.1, W 
.Chlotge Metal 8m C orpo r ation, 

■ 4.18 

Chlorine, 8.8 
Chronic coUl, 444, 4.18 



doyilar Corporation, 4.86 
ClmallmM, 8.9 

Clinton hpawr Works, 8.2, 8.18, 

8.80. 7.8 ..... n 

DELETED _ J 

_„ t. 

Cold mrtnir, 646446 
Cold spot, 6.11 
Cold trope, 7.1 
Colvtli Arm. 9.8, 11.1 ff 
ColwMa Am hngtnoor, 1.8, 9.1, 
9,8, 9.4 

Colmblo Area low rlhr Moti on, 94 
Colwbia advmtty, 8.1, 84, 8.4, 

8.1 ff, 8.6, 4.1, 4.8, 4.10 ff, 
446 ff, 8«8, 6.9, 6,21, 8.18, 

7.1 ff, U.1 ff 

Cenpresslon rotio, 8.2 ff, 8.90 
Cone nation of p roces s atnrkL 


Ul. 8^, 4.7, 8^ 


Co n tra c t s 
CEWr-106, 8.1 
CENsr-406, 8.8 

0ENV412, 8.1, 8.9, 4.14, 4.16 
OKUor-1126, 4.KM.U 
9M«Ol*enf-6S, 8& 

M6064og46, 8 . 8 , 2.8^ 11.2 
W-7406-onp40, 8.1, 8.8, 4.8, 
11 . 1 , 11.8 


W-7406«one-9e, 8.4 
W-T406-WC-141, 8.8, 4.11 
M406me-U9, 4.12 
W«7407«onc*88, 2.4 


Control 



♦ 


Convertor, 8.6, 8,6 
Cooler, p r ooo o o, 8.6 
Copper, 4,10 

Corrosion, 1.1, 8,4, 8,10, 4.6, 4.10, 
6.8, 8,11, 6,16, 6.88, 8,1, 8,6, 

8.6 

Crons Ocnpaqp, 6.88, 7,8 
Creighton, B, 4., 11.8 
Crist, 8. H,, 114 
Currie, L. K., 1141 


Deeotar, XU., 4.19-4,18, 4,17, 4,18, 
4,87, 114 

D ee p ste r, 4. 4., 6,4 

Deterioration of oqnlpnsnt, 1.1 

Detroit, mob,, 4.26 

Diffmoto, 8.4 

Diffmor, 8.8 

Diffusive nising, 8.11 

Dletllotion Produoto, Xno., 8.88, 

6.12 

District Engineer, 8,1 
Dlstriot Mini Section, 9,1 
District Safety Section, 9.1 - 
District Ceeuritgr end Xntolligenoe 
Division, 9,M4 
Dry ice, 6.11, 6.88 
Ba n n ing^ 4. 8., 2.1, 8.1, 6.20, 


Effielemy of separation, 8,6 ff 
Effusion rotes 8.8 ff 
Electron diffraotien, 8.8 
Elgin ponder. 441 
Elisabeth, K. 4„ 4.38*4.86 
Elliott Conpoay. 8.9, 6.11, 6.21* 
64« 

Bllietb-tyeheln oonproesor, 6411 
fcndtt, P. H., 11.2 
Mplogrseo* Mewl, 9.2 
Botmllftlnr tubiii lot 
Eqtdlibrlm, 8.11, 8.8, 8,7, 7,8 
Ethyl Corporation, 8.1 


Riilliti Qti ll> t 
rwulN» 4*24-4 *86 
Filter pftpv, (*1M,N 
"Pint P ro gr a m Baport " , 8*10 
floorlntiaoi 1(4 

Flooring Id, 4.18, 6dl« M, 8.6 
Flumotrtxini, Mi 1.6, Bd, 6,86, 
T.5, 8,6 

Plaoroohloro Mopoondi, 2*8 
fnd, Baoon, tad Dnrli, too*, 7,8 
Far* p mnf» » 8d, 8*7, Id tt, 
fmalM^da, 4,18 

natantal r o oaar ah MtlvitiM, 1*1 


Oua, P, X,i Ud 
Oarfftald Divlalao* 4.17 
fekttia, 4*20 

Bnml Elootrlo Ooapaagr, Sal# 1,18, 

8,18, Id, M, 8*8, 6,18, 8,18, 
8,tfi ( 8d8 

otnaral Ma toro Baaoarah la b or * t or i**, 
4*18 

Gaaolar, A, l„ lid 
Gtesalm, 4*20 

0&6ba Obion Oaqpiagrf IdOddl 

(Qyo*rim 0 4*10 

cold, 4« 10 

OOldatain, M 6d 

(kmtaaa* Ta, lat a 4*2 

La L*i Capta in , Hal 


■kina Oaa 8*1 

Haaoan, Van Vlnkli, and Moaning 
flarpany, 4,18 

BuUu, Wa 1>M Sat 

BwSaa Chaataal OoniF, 4*18 
Balia*, 4.1, 4,1, Said ft, 8,6 
Banna, A, U, 1U4 

Bimndfaaan coopany, 4,18 

Barta, fl*. Sat 

Boidqp, 8,11, Sat, 6,8, 6,7, 6,18, 
6,20 

Bautalll —Carah ay Corporation, 4,18, 
4,17 ff, 4,86, 4at7 
Bough, B, K,, 4>a, Mjor, 11,1 
Huntington, w* 4*82 


tydroohlorto aold, 4,10 
tydrogon, 8,2, 4,12, 4,18, 4,20, 
4.26, 8,8 

fydrogan fluorldo, 2,4, 6,14, 6,18, 

6,18, 6,82*6,88, 8,6 


lngarooll-Mmd laboratoriaa, 8*2 
Znotrunonta, 8,10, 6,1 ff, 7,8, 8*6 
Xntorohaaioal Corporation, 2,4-2,6, 
4,26, 11*4 

International liofcol Coepaqp, 4*82 
Iona ftata Ooltego, 6,1 


Maapotte, Fa,, 8,9 
Jalliff Muaufaotaring Conpaay, 

8#f0», 4,14 

Jaroogr CIV laboratoriaa, 8*6, 6,12, 

8,18, 7,1, T«4 

Mm napkin* flb loaralty, 4,14 
Mm Oonatrootlon Ooagony, Xno,, 
d* A,, 8,18 
Jaria, flb c*, lid 


X-27, 8,8, 6,16, 6,1, 6,20, 7.6 
Ballasr C arp or ation, 8,7 ff, 8*4, 6*6 
Cantraotail anaapananta, 8*8 
Poraoonol* llddld 
Pilot plant work* 7«4 ff 
Haft on barrlor, 4*8 ff, 4*86 ff 
Work on Ina tin want*, 6*8 ff, 8,8, 
6,16 ff, 6,87 ff 

Work an p a op a , 6*1, 6,9, 6*12 ff, 
6*86 ff 

Kellogg Otapnpi M* w„ 8*8, 8*8, 
6*9, 7*4 

Xinatie fboory of Caooo, 8*8 ff 
Sovar, 6*7 


IMBT >Ok, 8*84 

Xaak flow toot, 4*8 

Laak testing, 8*10, 6*87, 6*16 ff 


Laoda and Horthnj?, 6.13* 6.26, 
6.20* 6*81 
LlktrooMhi 4*9 
Libby* K# r*| 4»19| 11*8 
Lind* Air Produota Conpany, 8,2» 
t*8| 4*10| 4*tB| 4*80| 4*88* T*8 
Lithium fluoride, 6.34006 
Luo1to* 8.21 
lynn, Hum* 8*16 


Blokel ohlorido* 4*88 

fflokoi hydroorldo, 4*82* 4*26 

Slokol okI do* 4*9 

Bioko1 ponder* 8*8. 8*4*2|6 

If lor* A* 0* C«| 8*1* 6.6* 7.8 

Nitrogen, 8*t* 4*80* 4*81* 6*8* 6*10; 

6.11* 6.14* 6.83. 6.87* 6.86* 8.6 
Bltropa OKldo. 6.14 
Monrle* E. o«* 4*10 
Muoloer f loo Ion. 8.1* 6.80 ft 


Hook* E.* A*.* 4.17* 11*8 
MOdlaon Squere Aron* 11.1 
Mmpanooo* 4.10 

Harihattaa Dlotrlot* 1.8* 8.1 ff* 
8*8* 8.9* 4.17 ff* 6.8* 6.16* 
7.4* 90* 10.1* U.1 ff 


Ook Rid go* Doan.* 8*8* 8.8* 8.18* 
6.18* TO. 7.7 
Oekee Pr o du o t o Plants* 4*18 
Off loo of 8oloatlf&o Booooroh and 
Douolopoont* 8.1* 8.8* 8.8 ff* 


lfcoaaohueetta institute of Technology, 4,1. 4.11* Mi 6.1* 10.1* 11.1 

• MM ju . - M * 4 0^.0___ MM •• J 


6.80 

Ho (Hon Chenleal 00070x7* 4.18 
Moon fro# path* 8.8* 8.6 
Moamry offoet* 6.19 
M or a t ory * 9*104*11* 6.18 
Metol Pomlng Oonpany, 4.18 
Hotala Dlalntgrating Oonpany* 80- 
20. 402 

Mottyl othol koteno* 4.19 
Ifienl pander* 4*98 
UiloatKoo* Via** Oil 
Moisture, 8.4* 6.8 
Hand eertuayl prooooo* 4*81 

Produo to Conpaqy* 8*>| 6.4 
0. K»* UO 


•oh labooatoiy* 4.86* 4.87* 6.16* 
fU* To4* 7.6* M* 11.8 
Motional Moo o p r ah Corporation. 8,10, 
6.16 

8.8 

1* 6.80* 6.88* 6.88 
dhreey Muhina Coapany* 4.16* 


Ohio State ttaioerelty* 8a* il«4 
Oporatlono Toohaloal droup, 6.14 
<Mygon, 6.14* W 


Paolflo Punpo* Ino.* 8.86 
Pantograph. 604 
Patent Advisor* 11.1 
Polorlo, X#* 8. 11 

PerfluoMdlmothylcycloheaano* 6.8* 
6.14* 6.8441.88 

Poof luorohopteno* 8.8* ta. 8.8 
PornaohllHy* 8.7* 4a ff 
Pstrolatun* 6.81 
Pho sph o r tronoo* 607 
Photoeoll* 608* 806 
Photoroduotlen* 4.14 
Pilot ploato* SO* 4.18* 4.86* 
4.87* 409* 7.1 ff 
'Mlaotloo* 80* 4.9* 4*11* 400 
Plugging* 80 
Poly,TPT* 60 
PolyioehuVlono* 4.89 
Polystyrene. 4*1L 4.19 


4.86 

■ov York* 8. T.* 4.86* U*t 
mm York Area* 11.1 
lev Torts Area Engineer* IO 
Btokol oerbonate, 4.12* 4.13* 4.16, 
4.88* 4.86* 4.86* 401 


P©realty* 2*8* 40 ff* 4.10* 4.20* 
401. 4.86, 4*26 
Positive Ian rayo, 60 
Preafcydrogouatlon* 20 
Proaouro sun* 40 

Prlnooton ikilveroity* 2.4* 8.8* llO 
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JMU&§' » 3.9 


lioparaftoa^aetar* 3.8* 4*8 ff, 

4tl0| 4*28 

reparation of ieotopoe, 2«1, 3.1 ff* 
8.6* 7*1 

Dharpleo Corporation* 3.2-2.3* 3*11 
Jllioa sal* 4.26* 5.14 
"*llloon tetrcfluoride* 2.4 
Jilvor, 4.10 
Steen* r . 0 3.10-9.11 
Sin^yiater and Treyer* 4.18 
iilaoV’i Ft 11*8 
Slav* recorder* 6.18* 6.28-6.27 
Slops fhotoft 4.6 
3r4th Corporation* A. 0.. 7.6 
Zodlun tydrODclde* 4.22* 6*52-6.33 
Bpoelal oheuioala* 1«1* 3*10* 8.6 
Specific flow* 4.4 
Specifications* 2.B* 3*7 
Stability of operations* 3.11 
04 Stag# pilot plant* 3.11* 7.1 
Ste^e* prooeaa* 3.5* 3.9 
Steady state* S.4-8.8 
3token ifcohine Caopany* F. J.. 5.26 
otraaeean* ?•* 3.1 
lulfurlo aold* 4.28 


0&f N 


rooooo Too-r and '.achlrta Corpany* 

4.13 

trpe, 5.1 ff* 7.1 
ai:k>* 6.19 
CSIT, 5 . 10 - 6.19 
C 3 ' r * 5 . 16 - 6.19 
C 5 -G 5 , 5.19 
I "JO, 5 . 10 - 6.19 
.'’rooooo* 3 . 6 * 4 . 0 * 6.1 ff 
3 oallooo* 6.16 ff 
5 peolal* 3 . 9 * S .1 ff 
rup in ^laboratory* 4 . 18 * 7.2 

>/ 


Todloaotive decay oanatant* 6.25 
Radius* 4.20* 9.21* 6.22 
lari tan Copper ftOFfco* 4.15 
leoovory of uraniic* 2.9 
lepdbllo Flow Metnr Corapany, 6.2 
Heynolda Metal Corporation* 4.16 
Roynold'a nxbar* 7*7 
?oets blower* 8.21 


Safety 3nglnoor* 9.1 
Salley llo aold* 8.35 
Soabolard* '.* 11.3 
3ohsneetady* V 7., 3.1 
3ohernorborn faboratory* 4.16* 
4.17* 4.26* 4.27 

Seal rovolopoent >oup, 5.13* 6.18 
Seals* ptsnp* 2.3* 3*9* 8.4 ff* 7*1 
Atnoapherto* 8*10 
C-618* 8.10 
Dry ocnrbon*^ 8.9 
>74* 5.10 
>4* 8.16 
-6* 5.16-6.18 
> r nlealclnn* 8.8 ff v, 
Tnboiroodiat** 8.10 ™ 

'ln^obury* 8*9 
8.18 
W* 5.18 
Tabyrlntt:* 9.10 
Outloofein~* 3.0 ff 
Xrtelde* 5.10 
ur e prrp* 5.23-5.24 
iloove* 5.9 


Taylor* T . 8.0 2.4* 11*2* 11.4 
Tkylor Inatmneat Coeroazy* 8.3 
Teat Floor* 7*1 
Thonaon* J. J»* 0.4 
Toluene* 4.29 
■ Tonawanda* *T, v «* 4.33 
'TOur* Tno** Tan* 4.10 
Trent Tube :anufaoturlng Canpaay* 
4.18 

Trlohlorethylone* 4.6* 4.22* 6.11* 
. 6.28 

Troobly sheet* 4.33 
Turbulent alxlnrb 8*11 


111 on Carbide and Carbon Corpo¬ 
ration* 2.2—2.3 
talvoraity of liloajo, 3.1 
♦ hlmrsity of 4 lnreoo a* 3.1* 6.5 



U^oniuc-234, 0,23 

Jmniua-236, 1*1, 8*1 ff, 3,6, 5,10, 
6,10, 6.26 

UpojT| If. C., 2.1, 2.4, 3.0, 11.2, 
11.3 


Vhauum tightest*, 3*9, 9*10, 7.8, 
7.8 

Vallay Iran Works, 6.88 
Virginia poadar, 4.88 
Vbn >M8e, A., 2.1, 6.20 
Vultanoi, 4.16 
Tyoor glass, 4.8 


War Departoant, 3.8 
'TSumln.r fin, 6.11 
tfattraDtar, 6.88 

Waetarn Fiaotrl* Ocnpaqr, 2^1, 11.4 
Waatinghoua* Eiaotrio and Iluzu- 
faoturlng Conpaay, 8.18, 8.10, 
5.24, 6.28, 6.16, 7,4, 7.7 
cheatstone brldg*. 6«27-6«28, 8.32, 
8.36 

v.Tdtshead !latal Product* Conpangr, 
7,8 

nien, W., 6.4 


T-12 Projoct, M 


v ine, 4.10 


